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1 The present work: 
resources in speech-language therapy 
Cerebrovascular disease is a leading cause of disability and death world-
wide, with about one third of stroke survivors initially suffering from com-
munication disorders, including aphasia (Entgelter et al., 2006). Symptoms 
in aphasia vary from person to person, ranging from repeated failures in 
verbal expression to comprehension deficits that may occur in both the spo-
ken and written modality (Flöel & Stahl, 2019). The current work synthesizes 
almost a decade of research on aphasia following left-hemispheric stroke in 
individuals with preserved right-hemispheric function: musical skills and 
formulaic expressions embedded in social interaction. Moving beyond the 
traditional scope of clinical linguistics, this work argues that preserved 
right-hemispheric function not only provides valuable resources in speech-
language therapy, but also a possible foundation for psychotherapy in indi-
viduals with post-stroke aphasia and concomitant depression. 
The present summary—the first part of this book—introduces key de-
velopments in a line of research spanning from 2013 to 2021, to conclude 
with an outlook on forthcoming contributions and a commentary on the un-
derlying conceptual framework. Each separate piece of research outlined be-
low has been published previously in peer-reviewed journals. Here, the se-
lected studies are assembled in an interdisciplinary context at the intersection 
of clinical neuroscience, speech-language pathology, and psychotherapy. 
1.1 Training intensity 
Until recently, meta-analyses on speech-language therapy have fo-
cused mainly on training intensity (e.g., Bhogal et al., 2003; Cherney et al., 
2008; Allen et al., 2012). Today, the situation appears to be slightly different: 
although massed practice is still considered to be crucial in speech-language 
therapy (Breitenstein et al., 2017), factors other than training intensity have 






Brady et al., 2016; RELEASE Collaboration, 2021). Among these factors are 
the specific linguistic approaches applied in speech-language therapy (e.g., 
Stahl et al., 2013, 2016, 2017, 2018). Moreover, speech-language therapy 
may benefit from non-linguistic technological advances, such as transcranial 
direct current stimulation—a claim investigated in an ongoing phase-III 
randomized controlled trial (Stahl et al., 2019; www.who.int registry iden-
tifier: NCT03930121). 
Still, the role of training intensity remains controversial, mostly be-
cause meta-analyses cannot fully compensate for methodological limitations 
of the study design, including lack of randomization or adequate control 
group. Therefore, the second part of the present work addresses the influ-
ence of training intensity on the outcome of speech-language therapy, as de-
termined in a randomized, parallel-group, blinded-assessment, controlled 
trial (Stahl et al., 2018). Thirty individuals with chronic post-stroke aphasia 
received speech-language therapy in two groups with different degrees of 
massed practice (4 hours versus 2 hours per day). Scores on a standardized 
outcome measure revealed no added value from more than 2 hours of daily 
speech-language therapy within four weeks. Instead, these data demonstrate 
that even a small two-week increase in treatment duration may contribute 
substantially to recovery from chronic post-stroke aphasia. While awaiting 
formal replication, the reported results emphasize that intensity may lose its 
impact once amount of weekly practice exceeds a certain threshold. This 
perspective leaves room for other, perhaps equally essential components in 
speech-language therapy—such as systematic use of preserved right-
hemispheric function. 
1.2 Musical skills 
Musical skills are commonly associated with right-hemispheric neu-
ral networks (Peretz, 2020). Accordingly, one of the most impressive find-
ings in aphasia research is that individuals with communication disorders 
following left-hemispheric stroke often retain the ability to sing melo-






madori et al., 1977). In particular, individuals are able to sing familiar 
lyrics (Ustvedt, 1937; Benton & Joynt, 1960; Smith, 1966; Baur et al., 2000; 
Tomaino, 2010) and formulaic expressions, such as “I love you,” “How are 
you?” or “Thank you” (Mills, 1904; Gerstmann, 1964; Keith & Aronson, 
1975). This finding has inspired a number of music-based rehabilitation 
programs (Keith & Aronson, 1975; Jungblut, 2009), including a treatment 
known as Melodic Intonation Therapy (Albert et al., 1973; Sparks et al., 
1974; Helm-Estabrooks et al., 1989). So far, randomized controlled trials 
have confirmed the efficacy of Melodic Intonation Therapy on standardized 
outcome measures in the late subacute or consolidation stage of aphasia (i.e., 
6–12 months after stroke; van der Meulen et al., 2014), but not in the 
chronic stage of aphasia (i.e., more than 6–12 months after stroke; van der 
Meulen et al., 2016), where confound arising from spontaneous recovery is 
generally lower (Doppelbauer et al., 2021). This potential source of con-
found deserves special attention in meta-analyses on Melodic Intonation 
Therapy (Popescu, Stahl et al., under review). 
Considering various aspects of singing in post-stroke aphasia, two 
studies have investigated how melodic intonation, rhythmic pacing, and 
type of verbal utterance affect immediate syllable production (Stahl et al., 
2011) and performance on trained items after six weeks of practice (Stahl et 
al., 2013). Taken together, results from these studies revealed no short- or 
long-term superiority of melodic intonation over rhythmic speech in indi-
viduals with subacute or chronic post-stroke aphasia. However, type of ver-
bal utterance proved to be important: immediate syllable production was 
significantly higher for well-known song lyrics and formulaic expressions 
than for unfamiliar word strings, whether they were sung or rhythmically 
spoken (Stahl et al., 2011). Likewise, both sung and rhythmically spoken 
repetition of formulaic expressions equally increased the production of 
trained items directly after the end of treatment and at a 3-month follow-
up (Stahl et al., 2013). Subsequent studies with modified research designs 
yielded similar findings (Kershenbaum et al., 2017), while singing in sylla-
ble-timed languages such as French may add to the level of rhythmicity in a 






all, the findings mentioned here seem to contradict previous data in the lit-
erature (e.g., Racette et al. 2006). The third part of the present work—a meth-
odological paper—discusses possible reasons for these discrepancies, such as 
overlap between right-hemispheric neural substrates of musical and com-
municative function (Stahl & Kotz, 2014). 
1.3 Formulaic expressions 
A growing body of evidence suggests that formulaic expressions en-
gage, in particular, right-hemispheric frontotemporal and bilateral subcorti-
cal neural networks (e.g., Hughlings-Jackson, 1878; Graves & Landis, 1985; 
Speedie et al., 1993; Van Lancker Sidtis & Postman, 2006; Sidtis et al., 2009; 
Van Lancker Sidtis et al., 2015; Stahl et al., in preparation). In analogy to 
musical skills, this may explain why individuals with aphasia due to left-
hemispheric stroke are frequently able to communicate based on a reper-
toire of formulaic expressions. As a linguistic category, formulaic expres-
sions differ from newly created, grammatical utterances in that they are 
stereotyped in form, often non-literal in meaning with attitudinal nuances, 
and closely related to communicative-pragmatic context (Van Lancker Sid-
tis & Rallon, 2004). Although formulaic expressions prevail in many aspects 
of social interaction, relatively little is known about their use in speech-
language therapy (Van Lancker Sidtis, 2021). 
Current rehabilitation programs in speech-language therapy differ in 
how they take advantage of formulaic expressions to enhance social interac-
tion. On the one hand, utterance-centered approaches focus mainly on iso-
lated non-communicative skills in verbal expression, including the ability to 
name objects, describe scenes or repeat words and sentences. On the other 
hand, communicative-pragmatic rehabilitation programs build on the rich 
turn-taking structure of social interaction, thus encouraging the use of for-
mulaic expressions in natural settings. As one prominent example of com-
municative-pragmatic rehabilitation programs, Intensive Language-Action 
Therapy requires individuals with post-stroke aphasia to use verbal utter-






1991; Difrancesco et al., 2012). To date, randomized controlled trials have 
confirmed the efficacy of Intensive Language-Action Therapy on standard-
ized outcome measures in chronic post-stroke aphasia (e.g., Pulvermüller et 
al., 2001; Meinzer et al., 2005, 2007; Berthier et al., 2009; Szaflarski et al., 
2015; Stahl et al., 2016, 2017, 2018). In light of these findings, the fourth part 
of the present work—a theoretical paper—elaborates on the notion that 
training with formulaic expressions is more likely to promote generalization 
in speech-language therapy when embedded in social interaction (Stahl & 
Van Lancker Sidtis, 2015). 
1.4 Social interaction 
Although formulaic expressions embedded in social interaction seem 
to be a promising resource in speech-language therapy, it long remained 
unclear to what extent this right-hemispheric function contributes to the 
overall efficacy of the treatment. The fifth part of the current work describes 
a randomized, crossover, blinded-assessment, controlled trial to investigate 
the influence of social interaction, including the repetitive use of formulaic 
expressions, in groups of three individuals with chronic post-stroke apha-
sia (Stahl et al., 2016). Eighteen individuals received, in counterbalanced or-
der, Intensive Language-Action Therapy and a control intervention with 
carefully matched hours of weekly practice, total treatment duration, train-
ing materials, and number of verbal utterances. However, the control inter-
vention provided less opportunity for social interaction and use of formu-
laic expressions. Scores on a standardized outcome measure consistently 
revealed significant progress in verbal expression with Intensive Language-
Action Therapy. In contrast, the control intervention improved verbal ex-
pression only at the onset of the treatment, but not after previous intensive 
training. Notably, treatment type explained up to 41 percent of the variance 
associated with changes in language performance. Given the small sample 







Aside from the turn-taking structure, the game character, and the 
group experience of individuals with post-stroke aphasia, the use of formu-
laic expressions may be one major reason for the efficacy, practicability and 
popularity of Intensive Language-Action Therapy. The rehabilitation pro-
gram encourages participants to request, and eventually obtain, depicted 
objects from fellow players. In doing so, participants tap into neural re-
sources of verbal communication regardless of whether a request is ac-
cepted (“Here you are,” “Thank you,” “You’re welcome”), rejected (“I’m 
sorry,” “No problem,” “Too bad”) or unclear (“Pardon me?”). Most interest-
ingly, players tend to be unaware of how successfully they exchange formu-
laic expressions throughout a session. Up until now, this observation has 
not been subject of systematic research and may have therapeutic potential 
especially for individuals with impaired speech-motor planning. Anecdotal 
evidence of such therapeutic potential may be the example of a person with 
impaired speech-motor planning who struggled to produce the phoneme 
/k/ for quite a while and, when offered a break, spontaneously responded 
with an impeccably articulated: “Okay.” 
1.5 Verbal cues 
Many individuals with neurological communication disorders suffer 
from deficits in speech-motor planning, a syndrome mostly apparent in the 
production of word onsets (e.g., incorrect phoneme /k/ in “Coat”). Known 
as apraxia of speech, this syndrome often occurs in combination with apha-
sia (Ziegler et al., 2012). The sixth part of the present work details a proof-
of-concept study that seeks to determine whether or not using preserved 
formulaic language skills can relieve word-onset difficulties in apraxia of 
speech (Stahl et al., 2020). Twenty individuals with chronic moderate-to-
severe apraxia of speech were asked to produce verbal cues (e.g., /gu…/ or 
/mu…/) and subsequent German target words (e.g., “Tanz”) with critical on-
sets (e.g., /t/) in a cross-sectional repeated-measures design. Cues differed, 
for instance, in aspects of formulaicity (e.g., stereotyped prompt: /gu…/, 






/mu…/, based on the non-formulaic control word “Mutig”). Apart from sys-
tematic variation in stereotypy and communicative-pragmatic embedded-
ness, cues were matched for consonant-vowel structure, syllable-transition 
frequency, noun-verb classification, meter, and articulatory tempo. 
Statistical analyses revealed significant increases in correctly produced 
word onsets after verbal cues with distinct features of formulaicity. Effect 
sizes were large. Although limited by the cross-sectional design, these results 
suggest that using preserved formulaic language skills may enable individu-
als to overcome word-onset difficulties in apraxia of speech. More specifi-
cally, retrieving intact speech-motor sequences within formulaic expressions 
may help restore incorrect initial segments of non-formulaic target utter-
ances. If indeed preserved formulaic language skills are suitable to reduce 
failures in speech-motor planning, neuroscience data may clarify how such 
benefits relate to the interplay of left perilesional and right intact language 
networks in post-stroke rehabilitation. In this context, the reported behav-
ioral results may establish a biological basis for future research on treat-
ment-induced neuroplasticity of language function. Just as importantly, the 
results will hopefully inspire clinical trials on preserved formulaic language 
skills as a possible means to alleviate symptoms in apraxia of speech. 
2 Upcoming work: 
post-stroke depression and aphasia 
Individuals with neurological communication disorders often experi-
ence a profound loss of abilities to engage in social interaction. Such a loss 
is likely to diminish positive reinforcement obtained from the social en-
vironment, and therefore, may result in an increased risk of cognitive-
affective distress, as proposed by an influential model of depression aetiol-
ogy (Lewinsohn, 1974). Aside from controversially debated neurological pa-
rameters such as lesion site (Carson et al., 2000; Bhogal et al., 2004; Robin-
son & Jorge, 2016), this model explains, to some extent, why almost one 






Psychiatric Association, 2013; World Health Organization, 2019) within ten 
years after a cerebrovascular accident (Ayerbe et al., 2013). Crucially, meta-
analyses indicate that diagnosis of aphasia increases the risk of depression 
by about 50% (Mitchell et al., 2017). Individuals with post-stroke aphasia 
and depression commonly receive antidepressant medication, while classical 
forms of psychotherapy remain challenging due to constrained verbal ex-
pression and comprehension. These limitations coincide with the fact that 
non-pharmacological research on post-stroke depression rarely considers 
individuals with neurological communication disorders (Williams et al., 
2007; Mitchell et al., 2009). To date, non-pharmacological research on post-
stroke aphasia and depression includes only a few randomized controlled 
trials (Thomas et al., 2013, 2019; Hilari et al., 2021) on interventions akin to 
behavioral activation (Richards et al., 2016) and peer companionship (Con-
well et al., 2020). 
Arguably, preserved right-hemispheric function may serve as a re-
source in the treatment of post-stroke aphasia and depression. Listening to 
pleasant music indeed appears to ease symptoms of post-stroke depression, 
as shown in randomized controlled trials (e.g., Särkämö et al., 2008) and 
meta-analyses (e.g., Baylan et al., 2016). A similarly promising evolution 
may be the recent spread of “aphasia choirs” in major cities around the 
globe. Focusing on verbal communication, a randomized controlled trial 
suggests that intensive use of formulaic expressions embedded in social in-
teraction may have a positive impact on cognitive-affective distress in indi-
viduals with chronic post-stroke aphasia (Mohr, Stahl, et al., 2017). These 
individuals improved more on a standardized outcome measure of depres-
sion severity with Intensive Language-Action Therapy than with a control 
intervention that did not equally involve social interaction. However, none 
of the individuals met the full criteria of any affective disorder (American 
Psychiatric Association, 2013; World Health Organization, 2019), and none 
of them were within the first year after the onset of disease, where risk of 
post-stroke depression is especially high (Shi et al., 2014). These caveats 
point out the need to demonstrate the efficacy of Intensive Language-Action 






subacute or consolidation phase of aphasia. An upcoming randomized, par-
allel-group, blinded-assessment, controlled trial addresses this issue (Stahl et 
al., in preparation; www.who.int registry identifier: NCT04318951). The ex-
pected results will hopefully contribute to the field in substantiating the de-
livery of intensive social interaction as a potential treatment of post-stroke 
aphasia and depression. 
3 Concluding remarks: 
psychotherapy and aphasia 
According to late 19th century psychoanalysis, the “subconscious” be-
comes apparent in the relationship between patient and therapist as well as 
in metaphors and symbols revealed through unintended utterances, imagi-
native techniques, and dreams. To convey emotions and thoughts, this 
method relies on the use of spoken language. Likewise, spoken language re-
mained central to the practice of psychotherapy in subsequent decades, as 
clinicians and researchers sought to translate and transform major claims of 
psychoanalysis into newer paradigms, the most prominent of them being 
cognitive-behavioral, client-centered, and family-systems psychotherapy. 
Given the prerequisite of verbal communication, psychotherapy and aphasia 
seem almost mutually exclusive. Still, a thought-provoking resemblance be-
tween psychotherapy and speech-language pathology may be the observa-
tion that research on aphasia was—and in many ways still is—primarily 
concerned with deficits in verbal expression and comprehension, with less 
efforts devoted to resources, including right-hemispheric function underly-
ing musical skills and formulaic expressions. Similarly, the role of resources 
in psychotherapy has received full attention relatively late, prompted mainly 
by the emergence of family-systems psychotherapy in the past 50 years. The 
question is: can speech-language therapy learn from psychotherapy? If the 
answer is yes, the present work aims to raise awareness about resources of 






From a conceptual perspective, it may be equally interesting to reverse 
the question: can psychotherapy learn from research on aphasia? Moving 
beyond spoken language may, in principle, not only benefit the treatment of 
post-stroke aphasia and depression, but also complement existing methods 
in psychotherapy. Anecdotal evidence indeed provides preliminary support 
for the feasibility of externalization techniques from family-systems psycho-
therapy in the treatment of post-stroke aphasia and depression. As an ex-
ample of externalization techniques, relationship mapping in “sculptures” 
attempts to make interpersonal problems visible in space, and therefore, 
easier to handle (Satir et al., 1991). This figurative approach may potentially 
compensate for mild-to-moderate communication difficulties, in analogy to 
the use of preserved right-hemispheric function in post-stroke aphasia and 
depression. The non-verbal aspect of relationship mapping in psychother-
apy is particularly noticeable in individuals suffering from neurological 
communication disorders—and may be an indicator of “creativity” beyond 
spoken language, with a possible impact on treatment outcome. Obviously, 
these claims are speculative and need to be confirmed by data. A first step in 
such a direction may be an ongoing proof-of-concept study on music and 
psychotherapy in individuals with interpersonal problems of non-vascular 
origin (www.who.int registry identifier: NCT04830553). Exploring the in-
terface of neurological communication disorders and psychotherapy, the 
current work encourages clinicians to consider research on aphasia as a 
“treasure” to spur innovation both within and outside the realm of speech-
language therapy. In line with this view, the founding father of psychoanaly-
sis once set out to develop a “talking cure” after completing a controversial 
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Purpose. Recent evidence has fueled the debate on the role of massed 
practice in the rehabilitation of chronic post-stroke aphasia. Here, we fur-
ther determined the optimal daily dosage and total duration of intensive 
speech-language therapy. 
Methods. Individuals with chronic aphasia more than one year post-
stroke received Intensive Language-Action Therapy in a randomized, paral-
lel-group, blinded-assessment, controlled trial. Participants were randomly 
assigned to one of two outpatient groups who engaged in either highly-
intensive practice (Group I: 4 hours daily) or moderately-intensive prac-
tice (Group II: 2 hours daily). Both groups went through an initial waiting 
period and two successive training intervals. Each phase lasted two weeks. 
Co-primary endpoints were defined after each training interval. 
Results. Thirty individuals—15 per group—completed the study. A pri-
mary outcome measure (Aachen Aphasia Test) revealed no gains in language 
performance after the waiting period, but indicated significant progress after 
each training interval (gradual two-week t-score change [confidence interval]: 
1.7 [±0.4]; 0.6 [±0.5]), independent of the intensity level applied (four-week 
change in Group I: 2.4 [±1.2]; in Group II: 2.2 [±0.8]). A secondary outcome 
measure (Action Communication Test) confirmed these findings in the wait-
ing period and in the first training interval. In the second training interval, 
however, only individuals with moderately-intensive practice continued to 
make progress (Time-by-Group interaction: p=0.009, η2=0.13). 
Conclusions. Our results suggest no added value from more than 
2 hours of daily speech-language therapy within four weeks. Instead, these 
results demonstrate that even a small two-week increase in treatment dura-








A long-standing controversy has surrounded the appropriate quantity 
of speech-language therapy (SLT) in the rehabilitation of chronic post-
stroke aphasia. Although clinical research highlights the importance of 
massed practice in SLT (Breitenstein et al., 2017), the effective delivery of 
intensive regimens is not yet fully understood (Cherney et al., 2008). From a 
conceptual perspective, the outcome of intensive SLT may depend on two 
discrete features: (i) the amount of weekly practice, and (ii) the total dura-
tion of the training period. Literature reviews indeed suggest that a weekly 
dosage ranging from 5 to 10 hours, referred to as “moderately-intensive,” is 
sufficient to ensure significantly improved language performance on stan-
dardized aphasia test batteries (Bhogal et al., 2003; Allen et al., 2012; Brady 
et al., 2016). However, studies so far do not offer insight into whether massed 
practice in a weekly dosage over and above 10 hours, referred to as “highly-
intensive,” leads to further gains in SLT. Moreover, weekly practice and 
overall treatment duration are negatively correlated across studies, thus 
making it difficult to determine the influence of the training period on 
symptom recovery. The current work seeks to address both of these issues. 
To date, surprisingly few studies have focused on the amount of 
weekly practice and duration of the training period in intensive SLT. A 
randomized controlled trial (RCT) indicated a superiority of Constraint-
Induced Aphasia Therapy administered in a highly-intensive fash-
ion (weekly practice: ca. 16 hours; duration: two weeks) over tradi-
tional, moderately-intensive SLT (weekly practice: 6–8 hours; duration: 4–
5 weeks; Pulvermüller et al., 2001). The design of this RCT balanced the to-
tal number of hours provided in each type of training, whereas it did not 
match the treatment protocols and clinical settings, such as the one-to-one 
or patient-group context, along with the selection and variety of therapists. 
Using well-matched treatment protocols and clinical settings, a subsequent 
non-RCT study revealed greater progress in language performance with 
moderately-intensive SLT (weekly practice: 6 hours; duration: eight weeks) 







three weeks; Dignam et al., 2015). Still, this study did not randomly assign 
individuals to the treatment groups, and therefore, prevents definitive con-
clusions with regard to the ideal amount of weekly practice and duration of 
the training period. 
Here, we present the first RCT evidence on the efficacy of Intensive 
Language-Action Therapy (ILAT, an expanded version of Constraint-
Induced Aphasia Therapy requiring request and planning communication) 
applied with different degrees of massed practice (12 hours versus 6 hours 
per week). Both intensity levels reached the estimated minimum dosage of 
5–10 hours weekly to assess the potential benefit from further daily practice 
in individuals with chronic post-stroke aphasia (Bhogal et al., 2003; Allen et 
al., 2012; Brady et al., 2016). Apart from the intensity levels, the treatments 
were based on identical protocols, materials and procedures to overcome 
methodological problems of previous work. To explore the possible impact 
of treatment duration on symptom recovery, all individuals went through 
an initial waiting period and two successive training intervals (each phase 
lasting two weeks). Although specific predictions would be premature in 
light of currently available RCT and non-RCT results, these data do not rule 
out an added value (i) when increasing the amount of weekly practice over 
and above 5–10 hours, and (ii) when extending the duration of the training 
period up to one month (Robey et al., 1998). 
3 Methods 
3.1 Study design and setting 
We conducted a randomized, parallel-group, blinded-assessment, con-
trolled trial in an outpatient center at the Freie Universität Berlin, Germany, 
from 2015 to 2016. The trial was approved by the ethics review board at the 
Charité University Hospital in Berlin, Germany, and registered prospec-








Recruitment was administered in collaboration with several local re-
habilitation centers and support groups for individuals with aphasia. After 
routine referral to the study team, we contacted the potential participants 
and invited them to a screening session to check their eligibility. Inclusion 
criteria were: diagnosis of aphasia, as confirmed by the Aachen Aphasia 
Test (AAT; Huber et al., 1984); chronic stage of symptoms at least one year 
post-onset of stroke to prevent non-treatment effects related to spontaneous 
recovery; German as first native language; and right-handedness according 
to the Edinburgh Handedness Inventory (Oldfield et al., 1971). Exclusion 
criteria were: aphasia due to traumatic brain injury or neurodegenerative 
disease; severe non-verbal cognitive deficits, as confirmed by the Corsi 
Block-Tapping Task (Kessels et al., 2000); severe uncorrected vision or hear-
ing disorders; other untreated medical conditions; and intensive SLT in the 
two years prior to study enrolment. Thirty individuals with chronic post-
stroke aphasia were recruited, screened and agreed to participate in the pre-
sent RCT (for details, see Fig. 1). This sample size was calculated in a previ-
ous power analysis (α = 0.05; 1–β = 0.95; number of groups: 2; number of 
repeated measures: 4; Cohen’s f = 0.3 for our primary outcome, the AAT, 
derived from Stahl et al., 2016; resulting n = 26; assumed drop-out 
rate: 10%; final n = 30; Faul et al., 2009). On average, individuals were aged 
60.1 years (standard deviation: 15.3 years) and 65.2 months post-onset of 









30 patients included in randomised controlled trial
15 patients assigned to Group I 15 patients assigned to Group II
15 patients completed study 15 patients completed study
Recovered from aphasia: 14
Figure 1. CONSORT Flow Diagram. 
3.3 Randomization and blinding 
A Python script generated a list of 30 random numbers (0 or 1) result-
ing in treatment groups of the same size (each n = 15). The script did not 
consider any additional variables. Instead, we included key baseline charac-
teristics in our statistical analyses, as specified below. Individuals were ran-
domly assigned to one of two treatment groups receiving ILAT with differ-
ent degrees of massed practice (Group I: 4 hours of daily training; Group II: 
2 hours of daily training). The group allocation was executed by an individ-
ual who alone had access to the list of random numbers and who did not 
participate in any stage of recruiting, screening, therapy or testing. A clinical 
linguist and neuroscientist performed all diagnostic sessions. The person 
was blinded to the group assignment and did not have patient contact aside 
from the testing. Data were unmasked only for final evaluation purposes by 







3.4 Treatment protocols, materials and 
procedures 
ILAT required individuals to engage in everyday request and planning 
communication with related social interaction (Difrancesco et al., 2012). 
Groups of three individuals and a therapist were seated around a table and 
provided with picture cards showing different objects (e.g., bottle) or action 
scenes (e.g., drinking). Barriers on the table prevented players from seeing 
each others’ cards. Each card had a duplicate that was owned by one of the 
other players. The goal was to obtain this duplicate from a fellow player by 
requesting the depicted object (e.g., “Give me the […]”) or by proposing an 
action based on the visualized scene (e.g., “Let’s […] together”). If the dupli-
cate was available, the players compared the depicted objects or action 
scenes. In the case of a match, the addressee handed over the corresponding 
card to the person who initiated the request or action-planning sequence. If 
the duplicate was not available, the addressee rejected the request or pro-
posed action. In the event of misunderstandings, the players asked clarifying 
questions. The complexity of the communicative interaction was tailored to 
the language skills of each individual by varying the difficulty level of the 
target words and sentence structures. 
The training materials consisted of 336 items presented in separate 
cards sets, each including 12 picture pairs. For tailoring these sets to indi-
vidual language skills, the following difficulty levels were available: nouns 
with high (n = 48 different pictures), medium (n = 48), and low (n = 48) 
normalized lemma frequency; nouns with phonological similarities (e.g., 
“ball” and “wall”; n = 96); nouns from only one semantic category (n = 48); 
action-related verbs with high (n = 24) and low (n = 24) normalized lemma 
frequency; and action-related verbs applied to one target object (e.g., “to 
peel, cut, grate or eat an apple”; n = 48). Card sets of one difficulty level were 
matched for mean normalized lemma frequency. All 28 card sets were split 
into two parts with equal numbers of items per difficulty level and assigned 
to the two training intervals in counterbalanced order across treatment 







ing positive feedback, (ii) acted as a model by using appropriate sentence 
structures (e.g., polite requests for individuals with prevailing agrammatism: 
“Would you consider passing me the [...], please?”), and (iii) embedded se-
mantic cues in turn-taking sequences, whenever helpful (e.g., proposals for 
individuals with word finding deficits: “May I offer you that tool to cut 
things?”—“Knife, yes!”). The therapist did not offer other types of cues, 
whether phonemic (e.g., initial word sounds: “It starts with /n/ ...”—“Knife.”) 
or graphemic ones (e.g., reading or writing), nor did the individuals repeat 
verbal utterances on instruction (e.g., “It is a knife. What is it?”—“Knife.”). 
Self-cueing strategies were allowed, along with gestures to accompany—but 
not replace—spoken language. 
Treatment was delivered by four therapists who received special train-
ing and continuous supervision before and during the trial. Notably, the se-
lection and number of therapists did not differ between the treatment 
groups. Cohorts of three individuals who were relatively heterogeneous with 
regard to symptom severity underwent ILAT with the degree of massed prac-
tice determined by the randomization procedure described above (4 hours 
versus 2 hours of daily training). Therapy frequency was consistent across 
treatment groups (always three weekly sessions). Both treatment groups went 
through an initial waiting period and two successive training intervals. Each 
phase lasted two weeks (6 consecutive working days, always separated by a 
weekend). Depending on the intensity level, the two training intervals in-
volved overall 48 hours (Group I) or 24 hours of practice (Group II) within 
four weeks (see Table 1). Individuals completed all training sessions and did 







Table 1. Intensive regimens. 
 Group I Group II 
Intervention type ILAT ILAT 
Daily practice 4 hours 2 hours 
Weekly practice 12 hours 6 hours 
Therapy frequency 3 weekly sessions 3 weekly sessions 
Duration of each trial phase 6 consecutive working days 6 consecutive working days 
Total amount of practice 48 hours 24 hours 
Total treatment duration 4 weeks 4 weeks 
Thirty individuals with chronic post-stroke aphasia were randomly assigned to one of two treatment 
groups receiving Intensive Language-Action Therapy (ILAT) with 4 hours (Group I) or with 2 hours of 
daily practice (Group II). 
3.5 Baseline data 
Each patient met the diagnostic criteria of aphasia according to the 
AAT (Huber et al., 1984). Since individuals with aphasia often suffer from 
concomitant deficits in motor planning, it is worth noting that Group I and 
Group II were similarly affected by apraxia of speech, as confirmed by two 
independent clinical linguists with high inter-rater agreements (100%). Fo-
cusing on non-verbal short-term memory, our patient sample scored, on 
average, within the normal range on the Corsi Block-Tapping Task (Kessels 
et al., 2000). Structural T1-weighted magnetic resonance imaging was per-
formed for all individuals using a 3T Magnetom Trio scanner (Siemens 
Medical Solutions, Erlangen, Germany). All individuals had suffered a sin-
gle cerebrovascular accident with subsequent lesions in parts of the left 
frontal, parietal, and temporal lobes, as well as in adjacent subcortical areas. 
Two clinical neuroscientists manually delineated and superimposed the pre-
cise locations of lesioned voxels in each patient using the software 
MRIcron (Rorden & Brett, 2000; for lesion overlay maps, see Fig. 2; for indi-







Figure 2. Lesion overlay maps. Individuals received Intensive Language-Action 
Therapy with 4 hours (Group I; see Panel A) or with 2 hours of daily practice (Group II; 








Table 2. Patient histories. 





onset of stroke  
Left-hemisphere 
origin 
01 Male 74 17 29 MCA ischemia 
02 Male 70 13 30 MCA ischemia 
03 Male 76 9 76 MCA ischemia 
04 Female 58 18 146 MCA ischemia 
05 Male 61 19 19 MCA ischemia 
06 Female 33 13 12 MCA ischemia 
07 Female 82 13 197 MCA ischemia 
08 Female 44 12 17 MCA ischemia 
09 Female 36 12 27 MCA ischemia 
10 Male 64 17 41 MCA ischemia 
11 Female 56 21 12 MCA ischemia 
12 Male 48 13 12 MCA ischemia 
13 Male 67 16 75 BG hemorrhage 
14 Male 57 21 74 MCA ischemia 
15 Female 51 13 178 MCA ischemia 
Group I 
Mean (SD)  58.5 (14.3) 15.1 (3.6) 63.0 (62.3)  
16 Male 67 19 27 MCA ischemia 
17 Female 51 18 23 MCA ischemia 
18 Female 77 9 23 MCA ischemia 
19 Male 74 19 24 MCA ischemia 
20 Male 84 11 53 MCA ischemia 
21 Female 60 12 253 MCA ischemia 
22 Female 41 12 95 MCA ischemia 
23 Female 39 11 45 MCA ischemia 
24 Male 34 14 54 MCA ischemia 
25 Male 65 13 51 MCA ischemia 
26 Male 75 16 209 MCA ischemia 
27 Male 45 13 23 MCA ischemia 
28 Female 58 17 12 MCA ischemia 
29 Male 76 10 75 MCA ischemia 
30 Male 81 13 44 MCA ischemia 
Group II 
Mean (SD)  61.8 (16.5) 13.8 (3.3) 67.4 (70.5)  
Patients are listed according to training intensity: Group I (4 hours per day); Group II (2 hours per day). 



















01 43 50 42 40 4 Wernicke 
02 52 45 49 52 7 Broca 
03 63 45 53 52 4 Broca 
04 66 59 61 59 5 Broca 
05 41 50 38 46 4 Global 
06 49 62 53 63 6 Broca 
07 47 49 48 46 4 Broca 
08 42 55 47 38 4 Broca 
09 33 42 42 39 7 Broca 
10 42 45 39 37 5 Global 
11 49 54 49 37 7 Broca 
12 48 51 47 39 6 Broca 
13 65 63 62 66 4 Broca 
14 54 51 59 64 7 Broca 
15 46 50 50 55 6 Broca 
Group I 
Mean (SD) 49.3 (9.4) 51.4 (6.3) 49.3 (7.4) 48.9 (10.6) 5.3 (1.3)  
16 46 58 49 55 5 Broca 
17 42 43 46 39 5 Amnestic 
18 49 41 48 47 6 Broca 
19 54 62 61 63 5 Broca 
20 58 50 60 50 4 Broca 
21 55 59 63 64 5 Broca 
22 47 48 51 39 6 Broca 
23 59 56 59 78 7 Broca 
24 57 59 68 78 7 Broca 
25 52 57 58 51 7 Broca 
26 46 44 41 36 6 Broca 
27 33 48 43 38 6 Global 
28 43 44 40 51 6 Global 
29 42 42 34 37 3 Global 
30 69 54 56 54 6 Broca 
Group II 
Mean (SD) 50.1 (8.9) 51.0 (7.2) 51.8 (9.8) 52.0 (13.8) 5.6 (1.1)  
Patients are listed according to training intensity: Group I (4 hours per day); Group II (2 hours per day). 







3.6 Testing and outcomes 
All diagnostic sessions were conducted by a clinical linguist and neu-
roscientist who was blinded to the group allocation, as indicated above. In a 
repeated-measures design, testing took place two weeks before (T0), one day 
before (T1) and one day after the first training interval (T2; co-primary end-
point with reference to T1), as well as one day after the second training in-
terval (T3; co-primary endpoint with reference to T2). 
As a primary outcome measure, we administered an impairment-
centered aphasia test battery known for its good construct validity and test-
retest reliability, the AAT (Huber et al., 1984). Language performance was 
measured on four subscales of the battery: Token Test, Repetition, Naming, 
and Comprehension. We excluded the AAT subscales Spontaneous 
Speech (due to its partly insufficient construct validity) and Writing (given 
the focus on spoken language in our treatment). AAT results were desig-
nated as normally distributed t-scores, averaged across subscales. 
As a secondary outcome measure, we used a newly created and pub-
lished diagnostic instrument, the Action Communication Test (ACT; Stahl 
et al., 2017). Motivated by the lack of both linguistic and functional aphasia 
test batteries with documented psychometric properties, this instrument re-
flects impairment-centered and communicative-pragmatic aspects of lan-
guage processing. In step one of the testing, sets of five real generic objects 
are presented on a table. The patient is asked to name each of these objects, 
one by one. In step two of the testing, the patient verbally requests sets of 
five objects presented on the table, again one by one. Whenever utterances 
are correct, the experimenter hands over the requested object to the patient 
who, in turn, places it in a bag. Materials of the ACT consisted of 
50 common objects that were allocated to two parallel test versions, each in-
cluding five sets of five items. Test versions were selected in counterbal-
anced order across patients. The scoring system was as follows: two points 
for correctly produced target words; one point for correctly produced target 
words on the second attempt or incorrect, but semantically or phonologi-







sions. Based on these ratings, the average total number of points was ex-
pressed as t-scores. 
3.7 Statistical analyses 
For each outcome, a repeated-measures analysis of variance (ANOVA) 
was conducted, including within-subject factor Time (T0; T1; T2; T3) and be-
tween-subject factor Group (Group I; Group II), covaried for pre-treatment 
performance (T0) on the AAT or ACT, and for history of previous intensive 
SLT (weekly dosage ≥ 5–10 hours) more than two years prior to trial on-
set (yes; no). Two-tailed p values and alpha levels of 0.05 were applied for all 
statistical tests; for multiple comparisons, we used the Bonferroni-Holm 
correction. 
4 Results 
According to independent-sample t-tests, the randomization proce-
dure did not lead to significant differences between Group I and Group II 
with regard to: age, education level, months after onset of disease, non-verbal 
short-term memory, and individual lesion size. Crucially, independent-
sample t-tests also demonstrated that Group I and Group II did not differ 
significantly with regard to their performances on the AAT [t(28) = 1.64, 
p = 0.62, not significant (n.s.)] or on the ACT [t(28) = 1.69, p = 0.62, n.s.] at 
baseline (T0). The treatment groups were comparable in terms of gender, 
clinical diagnoses, and history of SLT more than two years prior to study en-
rolment (for group averages and standard deviations, see Table 2 and 3). 
Focusing on the AAT scores, the repeated-measures ANOVA revealed 
a significant main effect of the factor Time [F(3, 78) = 4.10, p = 0.009, η2 = 
0.11]. The ANOVA interaction of Time and Group failed statistical signifi-
cance [F(3, 78) = 0.80, n.s.]. Subsequent post-hoc paired-sample t-tests indi-
cated no significant changes in language performance after the initial wait-







interval): 0.3 (0.5); t(29) = 1.02, n.s.], but showed significant progress in 
each of the two training intervals [increase between T1 and T2: 1.7 (0.4); 
t(29) = 7.73, p < 0.001; Cohen’s dz = 1.4; between T2 and T3: 0.6 (0.5); t(29) = 
2.31, p = 0.03; Cohen’s dz = 0.4] and across the entire therapy phase [increase 
between T1 and T3: 2.3 (0.7); t(29) = 6.25, p < 0.001; Cohen’s dz = 1.1; see 
Fig. 3A and Table 4]. 
Based on the ACT scores, the ANOVA yielded a significant interac-
tion of the factors Time and Group [F(3, 78) = 4.17, p = 0.009, η2 = 0.13]. 
According to post-hoc paired-sample t-tests, changes in language perform-
ance were absent in the initial waiting period [absolute increase in both 
groups between T0 and T1 (confidence interval): 0.2 (0.4); t(29) = 0.95, n.s.] 
and observed only in the first training interval [increase between T1 and T2: 
1.8 (0.7); t(29) = 5.47, p < 0.001; Cohen’s dz = 1.0] as well as across the entire 
therapy phase [increase between T1 and T3: 1.9 (0.8); t(29) = 4.50, p < 0.001; 
Cohen’s dz = 0.8]. In the final training interval, only individuals with mod-
erately-intensive practice continued to make progress [increase in Group II 
between T2 and T3: 0.6 (0.5); t(14) = 2.32, p = 0.04; Cohen’s dz = 0.6], while 
individuals with highly-intensive practice did not [decrease in Group I be-







Figure 3. Aphasia test results. Changes in language performance on the Aachen 
Aphasia Test (AAT; see Panel A) and on the Action Communication Test (ACT; 
see Panel B). Thirty individuals with chronic post-stroke aphasia were randomly 
assigned to one of two Groups receiving Intensive Language-Action Therapy with 
4 hours (Group I) or with 2 hours of daily practice (Group II). All individuals went 
through an initial waiting period (“baseline”) and two successive training 
intervals (“therapy phase”). Each trial phase lasted two weeks. Testing took place at 
four points in Time: two weeks before treatment onset (T0), at treatment onset (T1), 
after the first training interval (T2), and after the second training interval (T3). 
Focusing on changes in language performance separately for each trial phase [Δ(T1–
T0); Δ(T2–T1); Δ(T3–T2)], statistics refer to significant paired-sample t-tests (asterisks 
embedded in bar graphs) and to a significant Time-by-Group interaction, as revealed 
by repeated-measures analyses of variance (asterisks displayed above bar graphs; 
** p < 0.01). Error bars represent confidence intervals corrected for between-subject 
variance (Loftus & Masson, 1994). Independent-sample t-tests confirmed that Group I 
and Group II did not differ significantly with regard to their performances on the 
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Mean t-scores obtained on the Aachen Aphasia Test (AAT; Huber et al., 1984) and on the Action 
Communication Test (ACT; Stahl et al., 2017). Thirty individuals with chronic post-stroke aphasia 
were randomly assigned to one of two treatment groups receiving Intensive Language-Action 
Therapy with 4 hours (Group I) or with 2 hours of daily practice (Group II). Both treatment groups 
went through an initial waiting period and two successive training intervals. Each phase lasted two 
weeks. Individuals were tested at four points in time: two weeks before treatment onset (T0), at 
treatment onset (T1), after the first training interval (T2), and after the second training interval (T3). 
Asterisks refer to significant paired-sample t-tests (* p < 0.05; ** p < 0.01; *** p < 0.001) 
assessing changes in language performance separately for each time interval [Δ(T1–T0); Δ(T2–T1); 
Δ(T3–T2)] and across the entire therapy phase [Δ(T3–T1)]. 
CI: Confidence interval 
5 Discussion 
The present RCT aimed to determine the ideal amount of daily prac-
tice and total duration of the training period in intensive SLT. Thirty indi-
viduals with chronic post-stroke aphasia received ILAT in two groups with 
different degrees of massed practice (4 hours versus 2 hours per day). All in-
dividuals went through an initial waiting period and two successive training 







after each training interval. We carefully controlled for the experimental set-
tings, including the patient-group context, the variety of items practiced 
throughout the training sessions, as well as the selection and number of 
therapists. A standardized aphasia test battery (AAT) revealed no changes 
in language performance after the waiting period, but indicated significant 
and clinically relevant progress after each of the two training inter-
vals (ANOVA main effect of Time: p = 0.009; increase in both groups be-
tween T1 and T2 [confidence interval]: 1.7 [±0.4]; between T2 and T3: 
0.6 [±0.5]; medium-to-large effects in post-hoc paired-sample t-tests: 0.4 < 
Cohen’s dz ≤ 1.4). Crucially, any such progress did not depend on the inten-
sity level applied (no significant ANOVA interaction of Time and Group; 
increase between T1 and T3 in Group I: 2.4 [±1.2]; in Group II: 2.2 [±0.8]). 
This finding is consistent with the observation that the AAT data showed 
similar patterns of individual changes in language performance over time, 
regardless of symptom severity. Both treatment groups completed all train-
ing sessions, confirming the good compliance of chronic patients in inten-
sive SLT. The current results suggest no benefit from more than 2 hours of 
daily practice within one month, whereas a two-week extension of treat-
ment duration adds to the efficacy of intensive SLT. 
The findings reported here may seem in conflict with established 
Hebbian principles, according to which the repetitive and conjoint firing 
of neurons is likely to strengthen the synaptic connectivity between 
them (Hebb, 1949). Although this neurobiological model appears to imply 
that the functional reorganization of language increases with the amount of 
daily practice, it does not postulate unlimited learning capacities in a rela-
tively short period of time (Berthier & Pulvermüller, 2011). Instead, Heb-
bian principles do not rule out the possibility of a ceiling effect within a sin-
gle day, if the treatment intensity exceeds a certain threshold. Support for 
this claim comes from learning psychology, predicting a decline of attention 
as a consequence of habituation (Mazur, 2016), and from clinical neurosci-
ence, discussing a ceiling effect after intensive SLT and simultaneous dopa-
minergic medication (Breitenstein et al., 2015). We nonetheless wish to em-







with 4 hours (Group I) or 2 hours of daily practice (Group II). In contrast, 
traditional SLT in most industrial countries rarely amounts to more than 
3 hours of weekly practice, based on our experience. Such a low dosage fails 
to reach the estimated minimum of 5–10 hours weekly to ensure progress in 
SLT (Bhogal et al., 2003; Allen et al., 2012; Brady et al., 2016). In line with 
this view, a multiple-case study tended to deliver better results for Con-
straint-Induced Aphasia Therapy if administered in a weekly dosage of 
15 hours compared to only 3 hours, in spite of a higher treatment duration 
in the latter group (Mozeiko et al., 2016). Therefore, a potential ceiling effect 
in our RCT should not undermine the importance of offering intensive SLT 
to individuals with chronic post-stroke aphasia. 
The treatment protocols in the current RCT differed in their intensity 
level, but not in the communicative-pragmatic nature of the training itself. 
One may thus argue that our results do not generalize to other forms of SLT. 
However, we do not see any reasons why the observed benefit from a longer 
training period should be limited to communicative-pragmatic methods in 
SLT. Rather, it is worth considering that a second RCT with precisely 
matched degrees of massed practice and treatment duration has indicated a 
superiority of ILAT over confrontation naming in individuals with chronic 
non-fluent aphasia (Stahl et al., 2016). Taken together, these RCT data sug-
gest a moderately-intensive use of communicative-pragmatic methods ap-
plied over an extended period of time. Additional evidence will be required 
to determine whether or not a further reduction in the daily amount of 
practice has an effect on the outcome of SLT. Likewise, it remains to be in-
vestigated whether a slight decrease or further increase in treatment dura-
tion leads to similar results. 
The present RCT included an impairment-centered aphasia test bat-
tery (AAT; Huber et al., 1984), along with a dialogue-sensitive diagnostic in-
strument (ACT; Stahl et al., 2017). This secondary outcome measure was 
motivated by the communicative-pragmatic character of the training and its 
potential relevance to everyday discourse. Both outcome measures indeed 
revealed congruent changes on the ACT when focusing on the waiting pe-







the ACT yielded significant progress only in individuals with 6 hours of 
weekly practice (ANOVA interaction of the factors Time and Group: p = 
0.009; η2=0.13; t-scores between T2 and T3 in Group I [confidence interval]: 
-0.4 [±0.5]; in Group II: 0.6 [±0.5]). This finding is unlikely to arise from 
discrepant baseline performances between treatment groups, as individuals 
with highly-intensive practice seemed to have marginally—but non-
significantly—more room for improvement over time. The finding also con-
verges with previous non-RCT evidence, pointing to optimal gains in SLT 
with 6 hours of weekly practice provided over an extended period of 
time (Dignam et al., 2015). As one possible reason for the advantage of 
moderately-intensive practice on the ACT, we propose that keeping the 
daily quantity of SLT below a critical threshold may diminish post-
treatment fatigue, and hence, facilitate immediate learning transfer to eve-
ryday situations after each training session. Although more research is 
needed to substantiate the particular influence of moderately-intensive 
practice on everyday discourse, such considerations should not overshadow 
the fact that both of our outcome measures consistently confirmed the suc-
cess of prolonged SLT with at least 6 hours of weekly training. 
This is the first RCT to directly compare the efficacy of intensive SLT 
with different degrees of massed practice and otherwise identical experi-
mental conditions over the course of four weeks. The current results suggest 
no added value of treatment intensity over and above 2 hours of daily prac-
tice within four weeks. Instead, these results demonstrate that even a small 
two-week increase in treatment duration contributes to recovery from 
chronic post-stroke aphasia. In light of previous concerns about the feasibil-
ity of highly-intensive SLT, we here show that a lower-than-expected dosage 
of 2 hours per day is sufficient, and therefore, easier to achieve within the 
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Individuals with communication disorders due to left-hemispheric 
stroke are often able to sing entire pieces of text fluently. This finding has 
inspired a number of music-based rehabilitation programs, most prominent 
among them a treatment known as Melodic Intonation Therapy (Albert et 
al., 1973). According to the inventors of the treatment, singing should pro-
mote a transfer of language function from left frontotemporal neural net-
works to preserved right homotopic regions. Although singing indeed en-
gages right frontotemporal areas (Callan et al., 2006; Özdemir et al., 2006), it 
does not seem to induce a transfer of language function from the left to the 
right hemisphere (Belin et al., 1996; Jungblut et al., 2014). Nonetheless, sev-
eral studies confirmed the promising role of singing (Mills, 1904; Gerstmann, 
1964; Keith & Aronson, 1975; Tomaino, 2010) and the overall efficacy of 
Melodic Intonation Therapy in subacute post-stroke aphasia (van der 
Meulen et al., 2014). 
Using an analytic research design, recent experiments explored 
whether singing, rhythmic pacing, and type of verbal utterance affect im-
mediate syllable production (Stahl et al., 2011) and performance of trained 
items after six weeks of practice (Stahl et al., 2013). Contrary to earlier re-
ports, the results did not indicate a short- or long-term superiority of sing-
ing over rhythmic speech in individuals with subacute or chronic post-
stroke aphasia. Instead, type of verbal utterance proved to be important: 
formulaic expressions—such as “Good morning,” “Everything alright?” or 
“I’m fine”—yielded higher rates of correctly produced syllables than novel 
word sequences, whether they were sung or rhythmically spoken. Likewise, 
both sung and rhythmically spoken repetition of formulaic expressions 
equally increased the production of trained items directly after the end of 
treatment and at a 3-month follow-up (Stahl et al., 2013). 
We readily acknowledge that singing in syllable-timed languages 
such as French possibly adds to the level of rhythmicity in a particular 







does not fully explain the range of seemingly contradictory findings in the 
literature. In our opinion paper, we would like to address three issues in 
current research on singing and aphasia: articulatory tempo, clinical re-
search designs, and formulaic language resources. We believe that these is-
sues may account for some of the major discrepancies between past reports. 
2 Articulatory tempo 
Singing slows down articulatory tempo. This, in turn, has been found 
to benefit syllable production in individuals with neurological communica-
tion disorders (Beukelman & Yorkston, 1977; Laughlin et al., 1979; Pilon et 
al., 1998; Hustad et al., 2003). Although the relationship between articula-
tory tempo and syllable production may be extremely useful in therapy, it 
potentially causes problems in experimental work. For example, a cross-
sectional study required eight individuals with post-stroke aphasia to sing 
and naturally speak novel lyrics in two conditions: alone (solo word produc-
tion), and together with a vocal playback (choral word production; Racette 
et al., 2006). During solo word production, the number of intelligible words 
was identical, regardless of whether they were sung or spoken. During cho-
ral word production, the number of intelligible words was generally higher, 
with more sung than spoken words articulated correctly. Based on these re-
sults, one may conclude that choral singing facilitates word production in 
individuals with post-stroke aphasia. 
Taking a closer look at the experimental design, some details of the 
study are worth noting. The sung playback voice produced words only half 
as fast as the spoken playback voice. This difference also affected the par-
ticipants’ actual performance. During solo word production, the partici-
pants were free to choose their preferred articulatory tempo (mean [M] du-
ration of sung syllables: M = 572 ms; spoken syllables: M = 494 ms; Δ = 
78 ms; cf. Racette et al., 2006). During choral word production, the partici-
pants adapted to the articulatory tempo of the sung and spoken vocal play-







270 ms). Hence, the mean difference in syllable duration between singing 
and speaking (Δ) was 3.5 times larger during choral word production than 
during solo word production. 
This comparison reveals that the participants had more time to articu-
late well when they were singing to vocal playback. Obviously, such caveats 
do not generally rule out a facilitating effect of choral word production per 
se, whether sung or spoken. However, these results do not necessarily indi-
cate a benefit from choral singing. What seems like a choral singing effect 
may actually arise from differences in articulatory tempo. The effect of cho-
ral singing over choral speech does not appear to persist when controlling 
for articulatory tempo (cf. Stahl et al., 2011). In summary, the role of articu-
latory tempo may be crucial in experimental work that seeks to determine 
how different forms of vocal expression affect syllable production in indi-
viduals with neurological communication disorders. 
3 Clinical research designs 
Another issue concerns clinical studies that address the neural mecha-
nisms of music-based aphasia therapy. A multiple-case study investigated 
the efficacy of Melodic Intonation Therapy (Schlaug et al., 2008). A non-
standardized language test indicated that Melodic Intonation Therapy was 
more effective than a non-musical control intervention in two individuals 
with chronic post-stroke aphasia. Although these results may not generalize 
to a larger clinical population, they nonetheless serve as preliminary evi-
dence for the therapeutic potential of Melodic Intonation Therapy. How-
ever, the results may be less suitable for gaining insight into the efficacy of 
any particular element included in the program—such as singing—and its 
underlying neural mechanisms, as revealed by structural and functional im-
aging. 
Melodic Intonation Therapy includes various forms of vocal expres-
sion and multi-modal feedback: singing minor thirds; rhythmic speech with 







and phrase production; solo word and phrase repetition; auditory cueing of 
initial word and phrase syllables; and so on (cf. Helm-Estabrooks et al., 
1989). Given the number of elements used in Melodic Intonation Therapy, 
it is challenging to assess their relative contribution to the efficacy of the en-
tire program. This problem becomes especially apparent when comparing 
Melodic Intonation Therapy to non-musical control interventions. 
In the study mentioned above, the non-musical control intervention 
did not include singing, rhythmic speech or left-hand tapping (cf. Schlaug et 
al., 2008). That is, the treatments did not only differ in singing, but also in 
other aspects of vocal expression and sensorimotor feedback. Consequently, 
the results do not necessarily confirm the efficacy of singing and its underly-
ing neural mechanisms. What seems like a benefit from singing may actu-
ally be the effect of rhythmic pacing, prosody, tactile stimulation or any of 
their combinations. Considering this range of possible interpretations, the 
results are consistent with reports on similar gains from singing and rhyth-
mic speech on trained items (cf. Stahl et al., 2013). In summary, future stud-
ies should be clear about whether the research design focuses on music-
based aphasia therapy as an entire program or on its specific mechanisms. 
4 Formulaic language resources 
One reason for the success of music-based aphasia therapy may be its 
use of common phrases. The original manual of Melodic Intonation Ther-
apy proposes phrases such as “I love you,” “How are you?” or “Thank you” 
at the lower proficiency level of the program (Helm-Estabrooks et al., 1989). 
The phrases are stereotyped in form, tied to social context, and therefore, 
fall into the category of formulaic language (Van Lancker Sidtis & Rallon, 
2004). According to present knowledge, the production of formulaic lan-
guage engages bilateral neural networks, including right frontotemporal ar-
eas, the right basal ganglia and, possibly, the right cerebellum (Hughlings-
Jackson, 1878; Speedie et al., 1993; Ackermann et al., 1998; Van Lancker 







Formulaic expressions may be viewed as a valuable language resource 
in individuals with communication disorders following left-hemispheric 
stroke. It is also conceivable that propositional-grammatical utterances 
gradually become part of the formulaic repertoire by means of massed prac-
tice: individuals may eventually retrieve trained items as a coherent unit 
from the mental lexicon by engaging bilateral neural networks (cf. Wolf et 
al., 2014). The feasibility of massed practice may rely, at least to a degree, on 
the motivating effect resulting from formulaic language competence espe-
cially in individuals with otherwise severely constrained communication 
skills. 
The crucial role of formulaic language in music-based aphasia therapy 
challenges the interpretation of structural and functional neuroimaging 
data. For example, the sensitivity of right frontotemporal areas to Melodic 
Intonation Therapy has been associated with neural plasticity of proposi-
tional-grammatical utterances (Schlaug et al., 2008; 2009; Vines et al., 2011). 
However, these imaging data may equally emerge from the plasticity of 
right-hemispheric neural networks supporting the production of formulaic 
language. What seems like a music-based transfer of language function from 
the left to the right hemisphere may actually be the neural correlate reflect-
ing the intensive use of formulaic expressions. Tentative behavioral evi-
dence for this claim comes from the finding that music-based aphasia ther-
apy improved the production of formulaic expressions irrespective of 
whether participants were singing or speaking rhythmically (cf. Stahl et al., 
2013). In summary, future studies need to consider the possible interplay of 
music-based aphasia therapy and right-hemispheric neural networks in-
volved in formulaic language processing. 
5 Outlook on future research 
Without a doubt, music-based aphasia therapy—including Melodic 
Intonation Therapy—is a promising approach for some individuals with 







on a limited formulaic repertoire may be appropriate to deal with severely 
impaired verbal expression and comprehension typically observed in global 
aphasia. Simultaneous training of formulaic and propositional-grammatical 
utterances may indirectly compensate for difficulties associated with agram-
matism, as is the case in individuals with Broca’s aphasia. Rhythmic elements 
of the program may help overcome deficits in syllabic segmentation com-
monly found in apraxia of speech. 
Up until now, studies on music-based aphasia therapy have addressed 
the overall efficacy of current rehabilitation programs (holistic research de-
signs) and some of their underlying mechanisms (analytic research designs). 
The long-term goal of analytic methods is to tailor future rehabilitation pro-
grams to the specific needs of individuals with neurological communication 
disorders. One may argue that analytic research on music-based aphasia 
therapy takes a reductionist view, for example, by disentangling the close re-
lationship between melody and rhythm (cf. Merrett et al., 2014). However, 
analytic research on music-based aphasia therapy has actually compared 
singing—that is, the combined use of melody and rhythm—with other forms 
of vocal expression, including rhythmic speech. Available data are therefore 
consistent with the idea that rhythmicity is naturally inherent in singing. 
Still, analytic research on music-based aphasia therapy should not 
overshadow the value of holistic approaches. We believe that both holistic 
and analytic methods are important and usually depend on each other. 
Many clinical hypotheses are derived from analytic research and then tested 
in holistic designs, and vice versa. Acting in concert, holistic and analytic 
methods may advance the quality of research in the field and contribute to 
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Decades of research highlight the importance of formulaic expressions 
in everyday spoken language (Vihman, 1982; Wray, 2002; Kuiper, 2009). 
Along with idioms, expletives, and proverbs, this linguistic category in-
cludes conversational speech formulas, such as “You’ve got to be kidding,” 
“Excuse me?” or “Hang on a minute” (Fillmore, 1979; Pawley & Syder, 1983; 
Schegloff, 1988). In their modern conception, formulaic expressions differ 
from newly created, grammatical utterances in that they are fixed in form, 
often non-literal in meaning with attitudinal nuances, and closely related to 
communicative-pragmatic context (Van Lancker Sidtis & Rallon, 2004). Al-
though the proportion of formulaic expressions to spoken language varies 
with type of measure and discourse, these utterances are widely regarded as 
crucial in determining the success of social interaction in many communi-
cative aspects of daily life (Van Lancker Sidtis, 2010). 
The unique role of formulaic expressions in spoken language is re-
flected at the level of their functional neuroanatomy. While left perisylvian 
areas of the brain support primarily propositional-grammatical utterances, 
the processing of conversational speech formulas was found to engage, in 
particular, right-hemispheric cortical areas and the bilateral basal gan-
glia (Hughlings-Jackson, 1878; Graves & Landis, 1985; Speedie et al., 1993; 
Van Lancker Sidtis & Postman, 2006; Sidtis et al., 2009; Van Lancker Sidtis et 
al., 2015). It is worth pointing out that some of these neural networks are in-
tact in individuals with left-hemispheric lesions, leading to the intriguing ob-
servation that individuals with classical speech and language disorders are 
often able to communicate comparatively well based on a repertoire of for-
mulaic expressions (McElduff & Drummond, 1991; Lum & Ellis, 1994; Stahl 
et al., 2011). An upper limit of such expressions has not yet been identified, 
with estimates reaching into the hundreds of thousands (Jackendoff, 1995). 
The above literature suggests that formulaic expressions may be 
viewed as a valuable resource in speech-language therapy. However, surpris-







programs in clinical rehabilitation. The current opinion paper seeks to ad-
dress this matter by outlining the contribution of formulaic expressions to 
seminal approaches in recovery from communication disorders after stroke. 
2 Utterance-centered approaches 
According to analytical language philosophy and communicative-
pragmatic theory, the meaning of an utterance emerges from its ordinary 
use by performing so-called “speech acts,” such as greeting a person (Witt-
genstein, 1953; Austin, 1962; Searle, 1969; Horn & Ward, 2008). Adopting 
this idea for clinical practice, rehabilitation programs in speech-language 
therapy should be grounded in behaviorally relevant situations that enable 
individuals to benefit from a range of communicative features, including the 
turn-taking structure underlying everyday conversation (Pulvermüller, 
1990). For example, the speech act of greeting offers the conversation part-
ner a number of possibilities to respond—typically by using formulaic ex-
pressions, such as “Good to see you,” “How’s it going?” or “Long time no 
see.” One may claim that incorporating this turn-taking structure in speech-
language therapy does not provide any added value for the outcome of the 
treatment. If this is true, the training of formulaic expressions in communi-
cative-pragmatic context should be as successful as exercises that focus on 
articulatory quality of the same utterances, regardless of their social func-
tion. However, it remains questionable how effective such utterance-centered 
approaches are in improving everyday language abilities over and above ar-
ticulatory quality of trained expressions. 
Prominent examples of utterance-centered approaches in speech-
language therapy are, in some respect, music-based rehabilitation programs, 
among them a treatment known as Melodic Intonation Therapy (Albert et 
al., 1973). The treatment protocol requires individuals with non-fluent 
aphasia to produce propositional-grammatical and formulaic sentences and 
phrases in different modalities, including singing and rhythmic speech (Helm-







courage the use of grammatical utterances, the lower levels involve formu-
laic expressions, such as “I am fine,” “How are you?” or “Thank you.” Al-
though most of these expressions may occur naturally in a conversation, 
their repetitive training does not meet the criteria of communicative-
pragmatic speech-language therapy. Among other caveats, Melodic Intona-
tion Therapy does not benefit systematically from the turn-taking structure 
underlying everyday conversation in the training sessions. This may limit 
the transfer of trained sentences and phrases into real life, a goal of primary 
importance in clinical practice. 
In line with this view, randomized controlled trials on Melodic Into-
nation Therapy did not consistently reveal generalized effects on standard-
ized aphasia test batteries, even if the sample of trained sentences and 
phrases was relatively large (cf. van der Meulen et al., 2014, 2015). Nonethe-
less, music-based rehabilitation programs have been demonstrated to di-
rectly benefit the production of trained expressions in individuals with 
chronic non-fluent aphasia and apraxia of speech (Wilson et al., 2006; Stahl 
et al., 2013; Zumbansen et al., 2014). One may argue that the reported pro-
gress in the production of such expressions depends, at least in part, on in-
creased activity in right-hemispheric neural networks engaged in formulaic 
language processing, especially when considering the repetitive character of 
the training (cf. Berthier et al., 2014). If this notion is correct, it would ex-
plain conflicting results from neuroimaging studies, indicating either left 
perilesional or right frontotemporal reorganization of language function in 
individuals treated with Melodic Intonation Therapy (Belin et al., 1996; 
Schlaug et al., 2008, 2009; Vines et al., 2011). Future trials will hopefully de-
termine whether or not these discrepant findings arise from different de-









Communicative-pragmatic rehabilitation programs aim at training 
verbal expressions in behaviorally relevant settings, so-called “language 
games” (Davis & Wilcox, 1985; Pulvermüller & Roth, 1991; Bastiaanse & 
Prins, 1994). Based on a variety of utterances, individuals communicate 
with fellow players by performing different types of speech acts, such as ver-
bal requests. Importantly, the turn-taking structure of language games offers 
the conversation partner a number of possibilities to respond, including a 
repertoire of formulaic expressions. In contrast to utterance-centered ap-
proaches, language games focus less on articulatory quality of sentences and 
phrases rather than on their suitability in communicative-pragmatic con-
text. One may therefore claim that such approaches should, in principle, be 
effective in improving everyday language abilities over and above articula-
tory quality of trained expressions. 
Prominent examples of communicative-pragmatic approaches are 
clinical language games, including a treatment known as Intensive Lan-
guage-Action Therapy (Difrancesco et al., 2012). The treatment protocol 
requires up to three individuals with aphasia and a therapist to obtain pic-
ture cards from each other, for instance, by making verbal requests. Utter-
ances are combined with manual actions by handing over corresponding 
picture cards to fellow players. Depending on the availability of picture 
cards, the players use adequate sets of formulaic expressions to indicate 
whether a request was accepted (“Here you are,” “Thank you,” “You’re wel-
come”), rejected (“I’m sorry,” “No problem,” “Too bad”) or unclear (“Par-
don me?”). That is, the repetitive interaction with formulaic expressions 
benefits from the rich turn-taking structure underlying everyday conversa-
tion, with possible implications on the success of language games. 
There is indeed ample evidence from randomized controlled trials 
suggesting that Intensive Language-Action Therapy induces generalized ef-







Meinzer et al., 2005, 2007; Berthier et al., 2009). Although several elements 
included in the program are likely to contribute to this finding, the use of 
formulaic expressions may particularly account for the practicability of 
communicative-pragmatic approaches by allowing individuals to tap into 
right-hemispheric language resources in the training sessions. Interestingly, 
neuroimaging studies have revealed either left perilesional or right fronto-
temporal functional reorganization in individuals treated with Intensive 
Language-Action Therapy (Meinzer et al., 2004, 2008; Pulvermüller et al., 
2005; Breier et al., 2006, 2009; MacGregor et al., 2014; Mohr et al., 2014; 
Barbancho et al., 2015). Future trials may clarify to what degree these results 
reflect increased activity in neural networks supporting formulaic language. 
4 Possible impact on motivation, well-
being, and quality of life 
Individuals with speech and language disorders following left-
hemispheric stroke often experience a sudden inability to engage in com-
munication with others based on propositional-grammatical utterances. 
This loss of social interaction skills may be one reason for the high preva-
lence of mental disorders in the first year following acquired brain in-
jury (cf. Lewinsohn, 1974). Depending on the epidemiological measure, up 
to half of the patients suffer from post-stroke depression during this period 
of time (Kauhanen et al., 1999; Fleminger et al., 2003; Schönberger et al., 
2011). While antidepressant medication is an option for most individuals 
with neurological communication disorders, classical forms of psychother-
apy remain challenging due to constrained verbal expression and compre-
hension. 
A number of approaches in psychotherapy seek to identify and acti-
vate resources in order to overcome cognitive-affective distress (Priebe et 
al., 2014). Adopting this goal for clinical rehabilitation, formulaic expres-
sions frequently remain one of the few resources available to communicate 







are commonly unaware of their ability to perform formulaic expressions 
correctly. Using these utterances in therapy may therefore play a key role in 
compensating for loss of social interaction, with a possible beneficial influ-
ence on motivation, subjective well-being, and quality of life (Doering et al., 
2011; Hilari et al., 2012; Kuenemund et al., 2013). Although anecdotal evi-
dence confirms the positive non-linguistic effects of formulaic language in 
individuals with neurological communication disorders, this hypothesis has 
not been studied experimentally. 
We wish to emphasize that current programs in speech-language ther-
apy differ considerably in how they take advantage of formulaic expressions, 
drawing on neural resources of communication to support social interac-
tion. As discussed previously, utterance-centered approaches focus mainly 
on articulatory quality in the training sessions. In contrast, communicative-
pragmatic approaches benefit from the rich turn-taking structure underly-
ing everyday conversation, thus encouraging the use of formulaic expres-
sions in natural settings. We believe that methods relying on preserved lan-
guage abilities in the context of social interaction may have a substantial 
impact on recovery from cognitive-affective distress, especially in individu-
als with concomitant post-stroke depression—a claim yet to be confirmed 
empirically. 
5 Open questions 
A growing body of research provides compelling evidence for the con-
tribution of right-hemispheric cortical and bilateral subcortical neural sys-
tems to the production and comprehension of formulaic language. These 
data are consistent with the notion that the efficacy of prominent ap-
proaches in speech-language therapy depends, to some degree, on the inten-
sive use of formulaic expressions. However, it is still poorly understood how 
exactly the language system of the damaged brain benefits from neural re-







neurophysiological scenarios that may account for descriptions of preserved 
language skills in clinical rehabilitation. 
According to Hebbian learning, the synchronous firing of cell assem-
blies is likely to strengthen the neural connectivity between them, even if 
they are located in distributed areas of the brain; in other words, “cells that 
fire together, wire together” (Hebb, 1949). This neurobiological model may 
be appropriate in addressing three fundamental questions in future re-
search: (i) Does intensive training of formulaic expressions stimulate neural 
activity in right-hemispheric cortical and bilateral subcortical language cir-
cuits? (ii) Does the combined training of propositional-grammatical utter-
ances and formulaic expressions lead to functional reorganization in the in-
terplay of left perilesional and right intact language networks? (iii) Does this 
bilateral neural interplay affect treatment-induced generalized effects ob-
served on standardized aphasia test batteries? 
With this article, we wish to increase the awareness for neural re-
sources of communication in the treatment of individuals with left-
hemispheric lesions. Based on our experience, the ability to use formulaic 
expressions is often well documented in clinical practice, commonly under a 
variety of different terms. However, the possible influence of such expres-
sions on clinical rehabilitation frequently remains unnoticed. Uncovering 
the behavioral and neural dynamics of formulaic expressions may therefore 
be crucial in identifying and activating resources of communication more 
systematically. This may improve the success of current attempts to promote 
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Purpose. Clinical research highlights the importance of massed prac-
tice in the rehabilitation of chronic post-stroke aphasia. However, while 
necessary, massed practice may not be sufficient for ensuring progress in 
speech-language therapy. Motivated by linguistic theory and neuroscience 
data, it has been claimed that using language as a “tool” for communication 
and social interaction leads to synergistic effects in left perisylvian eloquent 
areas. Here, we conducted a crossover randomized controlled trial to de-
termine the influence of communicative language function on the outcome 
of intensive aphasia therapy. 
Methods. Eighteen individuals with left-hemispheric lesions and 
chronic non-fluent aphasia each received two types of training in counter-
balanced order: (i) Intensive Language-Action Therapy (ILAT) embedding 
verbal utterances in communicative-pragmatic context, and (ii) Naming 
Therapy focusing on speech production per se. Both types of training were 
delivered with the same high intensity (3.5 hours per session) and dura-
tion (6 consecutive working days), with therapy materials and number of ut-
terances matched between treatment groups. 
Results. A standardized aphasia test battery revealed significantly im-
proved language performance with ILAT, independent of when this method 
was administered. In contrast, Naming Therapy tended to benefit language 
performance only when given at the onset of the treatment, but not when 
applied after previous intensive training. 
Conclusions. The current results challenge the notion that massed 
practice alone promotes recovery from chronic post-stroke aphasia. Instead, 
our results demonstrate that using language for communication and social 








After decades of debate on the success of speech-language ther-
apy (SLT) in neurological patients (Lincoln et al., 1984), clinical research 
has confirmed the relative efficacy of intensive regimes in the neurorehabili-
tation of chronic post-stroke aphasia (Brady et al., 2016). In particular, ran-
domized controlled trial (RCT) data have demonstrated the short- and 
long-term benefit from Intensive Language-Action Therapy (ILAT), an ex-
tended form of Constraint-Induced Aphasia Therapy, even if delivered 
years following the onset of the disease (Pulvermüller et al., 2001; Meinzer et 
al., 2005; Szaflarski et al., 2015). Apart from its high intensity with up to 
30 hours of practice in less than two weeks, ILAT emphasizes the training of 
language skills in communicative-pragmatic context (Difrancesco et al., 
2012). 
Motivation for ILAT comes from linguistic theory, stating that the 
primary function of language emerges from its everyday use (Wittgenstein, 
1953; Tomasello, 2005), and from neuroscience data (Berthier & Pulver-
müller, 2011). Crucially, recent studies revealed an increase of brain activity 
with communicative function, showing that requesting objects from a per-
son elicits stronger neurophysiological and neuroimaging responses in cor-
tical language and motor regions than picture naming performed with the 
same verbal utterances (Egorova et al., 2013, 2014, 2016). Further neurosci-
ence evidence suggests that the neural bases of language and action are 
functionally interlinked (e.g., Pulvermüller et al., 2005; Glenberg et al., 2008; 
Willems et al., 2011). Therefore, it has been argued that the co-activation of 
these neural systems potentially leads to synergistic effects, which might im-
prove the outcome of SLT if verbal utterances are embedded in behaviorally 
relevant settings (Pulvermüller & Fadiga, 2010). Still, the major variable cur-
rently seen as essential for the success of SLT in general, and ILAT in par-
ticular, is the intensity of the treatment, while the role of communication 







The present crossover RCT seeks to determine the impact of commu-
nication and social interaction on the efficacy of intensive SLT. Individuals 
with chronic non-fluent aphasia each received two types of intensive train-
ing in counterbalanced order: communicative-pragmatic treatment focusing 
on verbal requests (ILAT), and utterance-centered confrontation nam-
ing (Naming Therapy). The design controlled for the influence of training 
intensity and duration, with therapy materials and number of utterances 
matched between treatment groups. According to traditional views in apha-
sia rehabilitation, the ability to name objects may be a precondition for suc-
cessful communication, hence predicting that Naming Therapy should yield 
greater progress than ILAT (Shewan & Bandur, 1986). Conversely, linguistic 
theory and neuroscience data summarized above suggest that embedding 
verbal utterances in communication and social interaction may be key to fa-
cilitating language processing in left perisylvian eloquent areas, thus pre-
dicting better outcomes with ILAT than Naming Therapy. 
3 Methods 
3.1 Participants 
Eighteen individuals with a neurological diagnosis of chronic aphasia 
were eligible and agreed to participate in the current crossover RCT (for de-
tails, see Fig. 1). This sample size was consistent with a previous power 
analysis (α = 0.05; 1–β = 0.95; number of groups: 2; number of repeated 
measures: 3; estimated Cohen’s f = 0.4, derived from Pulvermüller et al., 
2001, and equivalent to an increase of 2 points per training period on our 
standardized aphasia test battery; cf. Faul et al., 2009). All individuals were 
native speakers of German who had not received intensive SLT in the year 
prior to inclusion in the study. Individuals were aged 32 to 73 years (mean 
age: 51 years; standard deviation: 12 years) and right-handed according to 
the Edinburgh Handedness Inventory (Oldfield, 1971). The trial excluded 







visual domain and may have caused problems in the testing or in the ther-
apy sessions (cf. Hachioui et al., 2014). All individuals met this requirement, 
showing visual short-term memory within the normal range, as revealed by 
the Corsi Block-Tapping Task (Kessels et al., 2000). To prevent non-
treatment effects related to spontaneous recovery of symptoms, individuals 
were at least one year post-onset of disease at the time of initial test-
ing (cf. Kertesz, 1984). The trial was approved by the ethics review board at 
the Charité University Hospital in Berlin, Germany, and registered prospec-
tively (www.who.int registry identifier: DRKS00005482). 
Figure 1. CONSORT Flow Diagram. 
Language abilities at baseline were assessed using a standardized diag-
nostic instrument, the Aachen Aphasia Test (AAT; Huber et al., 1984). The 
neurological diagnosis of aphasia was confirmed in all individuals, as indi-
cated by the AAT Token Test (cf. Orgass & Poeck, 1966). Structural T1-
weighted magnetic resonance imaging was performed for all individuals us-
ing a 3T Magnetom Trio scanner (Siemens Medical Solutions, Erlangen, 
24 patients screened
18 patients eligible
18 patients included in randomized controlled trial
9 patients assigned to Group I 9 patients assigned to Group II
9 patients completed study 9 patients completed study







Germany). Sixteen individuals had suffered a single cerebrovascular acci-
dent with subsequent lesions in parts of the left frontal, parietal, and tempo-
ral lobes, as well as in adjacent subcortical areas. The sample included two 
additional individuals with left-hemispheric lesions resulting from trau-
matic brain injury (patient 03) and viral encephalopathy (patient 15). Le-
sions in both of these individuals were most prominent in left perisylvian 
and adjacent subcortical areas. Two clinical neuroscientists manually de-
lineated and superimposed the precise locations of lesioned voxels in each 
patient using the software MRIcron (Rorden & Brett, 2000; for lesion over-
lay maps, see Fig. 2; for individual case histories and baseline test scores, see 
Table 1 and 2). 
Figure 2. Lesion overlay maps. Individuals received Intensive Language-Action 
Therapy prior to Naming Therapy (Group I; see Panel A) or vice versa (Group II; 








Table 1. Patient histories. 





onset of stroke  
Left-hemisphere 
origin 
01 Male 49 13 41 MCA ischemia 
02 Male 63 16 45 MCA ischemia 
03 Female 45 21 49 Perisylvian TBI 
04 Female 41 18 97 MCA ischemia 
05 Male 49 14 52 MCA ischemia 
06 Male 54 21 49 MCA ischemia 
07 Female 35 12 13 MCA ischemia 
08 Male 32 14 40 MCA ischemia 
09 Male 62 17 23 MCA ischemia 
Group I 
Mean (SD)  47.8 (10.2) 16.2 (3.1) 45.4 (21.9)  
10 Male 73 19 61 MCA ischemia 
11 Female 39 12 78 MCA ischemia 
12 Female 49 13 149 MCA ischemia 
13 Male 51 12 42 MCA ischemia 
14 Male 63 13 31 MCA ischemia 
15 Male 66 13 77 perisylvian VE 
16 Female 47 12 245 MCA ischemia 
17 Female 37 11 30 MCA ischemia 
18 Male 65 25 239 MCA ischemia 
Group II 
Mean (SD)  54.4 (12.0) 14.4 (4.3) 105.8 (80.3)  
Patients are listed according to treatment order: Group I (ILAT; Naming Therapy); Group II (Naming 
Therapy; ILAT). 
MCA = middle cerebral artery; TBI = traumatic brain injury; VE = viral encephalopathy; 



















01 37 48 48 47 4 Broca 
02 66 62 59 61 6 Broca 
03 42 57 41 44 3 Global 
04 51 59 53 70 6 Broca 
05 51 61 53 64 7 Broca 
06 48 45 56 62 6 Broca 
07 33 37 39 47 7 Broca 
08 56 54 57 78 7 Broca 
09 42 43 39 47 5 Global 
Group I 
Mean (SD) 47.3 (9.5) 51.8 (8.4) 49.4 (7.5) 57.8 (11.4) 5.7 (1.3)  
10 41 42 41 34 3 Global 
11 44 46 47 45 6 Broca 
12 48 48 48 53 4 Broca 
13 51 45 49 49 6 Broca 
14 54 52 49 48 6 Broca 
15 33 43 39 46 3 Global 
16 55 59 68 62 6 Broca 
17 54 53 53 57 6 Broca 
18 47 52 46 49 6 Broca 
Group II 
Mean (SD) 47.4 (6.8) 48.9 (5.2) 48.9 (7.9) 49.2 (7.5) 5.1 (1.3)  
Patients are listed according to treatment order: Group I (ILAT; Naming Therapy); Group II (Naming 
Therapy; ILAT). 







3.2 Study design and randomization 
In a crossover design, individuals were randomly assigned to one of 
two treatment orders: ILAT prior to Naming Therapy (Group I; n = 9), and 
vice versa (Group II; n = 9). The group allocation was consistent with a pre-
viously determined computer-generated series of random numbers (0 or 1) 
and executed by an individual who alone had access to this list. Importantly, 
the individual did not participate in any stage of recruiting, screening, con-
senting, therapy or testing. According to Mann-Whitney U tests, the ran-
domization procedure did not lead to significant differences between 
Group I and Group II with regard to: age, education level, months after on-
set of disease, individual lesion size, non-verbal short-term memory, and 
weekly hours of SLT before inclusion in the study. Crucially, differences 
were also absent on the mean AAT scores at baseline (z = 0.58, p = 0.61, not 
significant [n.s.]). Moreover, the treatment groups were comparable in 
terms of gender and clinical diagnoses (for group averages and standard de-
viations, see Table 1 and 2). Since individuals with aphasia usually suffer 
from concomitant neurological communication disorders, it is worth noting 
that Group I and Group II were similarly affected by apraxia of speech, as 
diagnosed by two clinical linguists. 
3.3 Treatment protocols and materials 
ILAT was shaped according to everyday request communication (cf. Di-
francesco et al., 2012). Three individuals and a therapist were seated around 
a table and provided with picture cards showing different objects. Each card 
had a duplicate that was owned by one of the fellow players. Barriers on the 
table prevented players from seeing each others’ cards. The goal was to ob-
tain a pair of identical cards by verbally requesting the duplicate from fellow 
players. Request utterances included the name of an object embedded in a 
carrier phrase (e.g., “I want the […],” “Could I please have the […]”). If the 
duplicate was available, the players compared the depicted objects and, in 







the requesting person. If the duplicate was not available, the addressee re-
jected the request. In the event of misunderstandings, the players asked 
clarifying questions. This rich turn-taking structure encouraged the use of 
formulaic expressions (e.g., “Here you are,” “Thank you,” “You’re welcome”; 
cf. Stahl & Van Lancker Sidtis, 2015). The complexity of the communicative 
interaction was tailored to the language skills of each individual by varying 
the difficulty level of the target words and the carrier phrases. 
Naming Therapy was conceived to resemble ILAT in as many ways as 
possible, except for the fact that the players did not use verbal utterances for 
communication and social interaction. Instead, the goal was to name or de-
scribe objects shown on the picture cards. Three individuals and a therapist 
were seated around the table, on which cards were placed exactly as during 
ILAT, but with the barriers removed. The players took turns in clockwise 
order, picking a card from their own set and finding an appropriate desig-
nation for the depicted object. The name of an object was embedded in a 
carrier phrase of similar length and syntactic complexity as during ILAT (e.g., 
“This is a […],” “Here I can see a […]”). Individuals were able to observe 
whether or not other players identified an object correctly. Unlike ILAT, 
Naming Therapy did not encourage the use of formulaic expressions. Criti-
cally, the total number of verbal utterances did not differ between ILAT and 
Naming Therapy. Again, the difficulty level of the target words and the car-
rier phrases was tailored to the language skills of each individual. 
In both types of training, the therapist (i) acted as a model by using 
individual carrier phrases, (ii) provided instruction and advice, whenever 
helpful, and (iii) motivated participants by giving positive feedback. The 
training materials were designed for the purpose of the current trial. Each 
set of cards included 12 picture pairs. For tailoring these sets to individual 
language skills, the following difficulty levels were available: items with 
high (n = 48 different pictures), medium (n = 48), and low (n = 48) normal-
ized lemma frequency; phonological minimal pairs (n = 96); and items from 
only one semantic category (n = 48). Card sets of one difficulty level were 
matched for mean normalized lemma frequency to ensure that items of each 







packets with equal numbers of items per difficulty level and assigned to ILAT 
or Naming Therapy in counterbalanced order across treatment groups. 
3.4 Procedures 
Recruitment, screening and training sessions took place at an outpa-
tient rehabilitation center located in Berlin, Germany. The training was de-
livered by a clinical neuroscientist serving as a therapist. Groups of three in-
dividuals who were relatively heterogeneous with regard to symptom 
severity underwent ILAT and Naming Therapy in the order determined by 
the randomization procedure described above. The schedule included a 
6-day recreation interval between the two treatments (see Fig. 3). Both types 
of training were administered with the same high intensity (3.5 hours per 
session with short breaks, if necessary) and duration (6 consecutive working 
days), resulting in overall 42 hours of treatment within less than 4 weeks. 
Individuals completed all training sessions and did not attend any other 
form of SLT throughout the entire trial (cf. Hoffmann et al., 2014). 
Figure 3. Study design. Group I received Intensive Language-Action Therapy (ILAT) 
prior to Naming Therapy, while Group II attended both types of training in reverse 
order. Individuals underwent testing before treatment onset (T1), after the first 















A clinical neuropsychologist tested each individual one day before (T1) 
and one day after the first training period (T2), as well as one day after the 
second training period (T3). The neuropsychologist was blinded to the 
group assignment and did not have patient contact apart from the testing 
sessions. Changes in language abilities were assessed using a standardized 
aphasia test battery, known for its good test-retest reliability (AAT; Huber et 
al., 1984). Language performance was measured on four subscales of the 
battery: Token Test, Repetition, Naming, and Comprehension. Test items 
on each of these subscales overlapped only marginally (5%) with therapy 
materials in any type of training to minimize “trivial” learning effects. AAT 
results were designated as normally distributed t-scores, averaged across 
subscales. These mean AAT scores served as primary outcome measure to 
investigate changes in general language performance over time. As both types 
of training focused on verbal expression, we considered scores on the com-
bined AAT subscales requiring speech production—Naming and Repeti-
tion— as a second measure of interest. 
3.5 Statistical analyses 
Statistical evaluations indicated negligible carryover effects in our 
crossover design, suggesting interpretable data in both training peri-
ods [t(16) = -1.54, p = 0.15, n.s.; for details, see Jones & Kenward, 2002]. Re-
peated-measures analyses of variance (ANOVAs) were conducted, includ-
ing within-subject factor Time (T1; T2; T3) and between-subject factor 
Group (Group I; Group II), with two-tailed p values and alpha levels of 0.05 
applied for all statistical tests. 
4 Results 
A repeated-measures ANOVA revealed a significant interaction of 
Time and Group based on the mean AAT scores [F(2, 30) = 6.91, p = 0.003, 







contrasts. In the first training period, ILAT yielded better outcomes than 
Naming Therapy [Time × Group interaction between T1 and T2: F(1, 15) = 
4.72, p = 0.046, η2 = 0.08]. In the second training period, this differential 
pattern of results was even more pronounced [Time × Group interaction 
between T2 and T3: F(1, 15) = 15.85, p = 0.001, η2 = 0.41; see Fig. 4A and 
Table 3]. 
The ANOVA focusing on mean AAT production scores revealed a 
significant interaction of Time and Group [F(2, 30) = 5.48, p = 0.009, η2 = 
0.14]. Subsequent exploratory ANOVA contrasts indicated a superiority of 
ILAT over Naming Therapy in the first training period [Time × Group in-
teraction between T1 and T2: F(1, 15) = 5.87, p = 0.03, η2 = 0.21] and in the 
second training period [Time × Group interaction between T2 and T3: F(1, 
15) = 10.43, p = 0.006, η2 = 0.53; see Fig. 4B and Table 3]. 
Comparing the mean AAT scores from both training periods before 
and after each type of intervention in post-hoc evaluations, the ANOVA 
suggested significant progress in language performance with ILAT [main ef-
fect of Time: F(1, 15) = 108.24, p < 0.001, η2 = 0.87], independent of whether 
the treatment had been applied initially or in second position [Time × Group 
interaction: F(1, 15) = 0.55, n.s.]. Naming Therapy did not consistently lead 
to progress in language performance [main effect of Time: F(1, 15) = 1.46, 
n.s.), but this treatment was relatively more effective initially than in second 
position [Time × Group interaction: F(1, 15) = 4.55, p = 0.049, η2 = 0.22]. 
Further post-hoc analyses demonstrated that excluding the two indi-
viduals with aphasia following traumatic brain injury (patient 03) and viral 
encephalopathy (patient 15) did not alter the significant interaction of Time 







Figure 4. Aphasia test results. Changes in language performance on the Aachen 
Aphasia Test (AAT), based on mean scores across all subscales (Panel A) and speech 
production measures only (Panel B). Individuals with chronic aphasia were randomly 
assigned to one of two Groups: Intensive Language-Action Therapy (ILAT) 
administered prior to Naming Therapy or vice versa. Individuals were tested at three 
points in Time: before treatment onset (T1), after the first treatment (T2), and after the 
second treatment (T3). AAT results indicate significant interactions of Time and 
Group in the first training period (ΔT2–T1) and in the second training period (ΔT3–T2), 


















































Table 3. Aphasia test results. 
Mean AAT 
scores 
T1 T2 T3  Δ(T2–T1)  Δ(T3–T2) 
Group I (SD) 49.4 (9.4) 52.5 (9.5) 52.1 (10.8) 3.1 (0.5)* -0.4 (1.7) 




T1 T2 T3 Δ(T2–T1)  Δ(T3–T2) 
Group I (SD) 49.4 (7.0) 52.8 (8.0) 52.6 (9.9) 3.4 (1.6)* -0.3 (2.8) 
Group II (SD) 48.9 (6.7) 49.9 (5.6) 54.4 (7.6) 1.1 (2.3) 4.4 (3.2)** 
Aachen Aphasia Test (AAT) results averaged across all subscales (Mean AAT scores) and 
subscales requiring speech production (Mean AAT production scores). Individuals with chronic 
aphasia were randomly assigned to one of two treatment groups: Intensive Language-Action 
Therapy prior to Naming Therapy (Group I) or vice versa (Group II). Testing was administered at 
three points in time: before treatment (T1), after the first treatment (T2), and after the second 
treatment (T3). Wilcoxon signed-rank tests revealed significantly increased aphasia test scores 
with ILAT (* p < 0.05; ** p < 0.01) in the first training period [Δ(T2–T1)] and in the second training 
period [Δ(T3–T2)]. 








The present crossover RCT aimed to determine whether or not em-
bedding language in the context of communication and social interaction 
increases the efficacy of intensive aphasia therapy. Individuals with chronic 
non-fluent aphasia each received two types of intensive training in counter-
balanced order: communicative-pragmatic treatment focusing on verbal re-
quests (ILAT), and utterance-centered confrontation naming (Naming 
Therapy). Both types of training were delivered with the same high intensity 
and duration, with therapy materials and number of utterances matched be-
tween treatment groups. Scores on a standardized aphasia test battery re-
vealed significant progress in language performance with ILAT, independ-
ent of when this method was administered. In contrast, Naming Therapy 
failed to produce significant progress in language performance, leading to a 
positive trend only at the onset of the treatment, but not when applied after 
previous intensive training. Notably, treatment type explained 41 percent of 
the variance associated with changes in language performance in the later 
training period. This strong effect is consistent with the observation that our 
data indicated similar patterns of individual changes in aphasia test scores, 
irrespective of symptom severity. Increases in aphasia test scores were most 
prominent on speech production measures, possibly reflecting that both 
types of training focused on spoken language in individuals with prevailing 
expressive deficits. The current results demonstrate the overall efficacy of 
communicative-pragmatic treatment in chronic non-fluent aphasia, whereas 
any benefit from utterance-centered object naming appears to be limited to 
the early training period. Future research will be required to substantiate 
these findings with regard to generalization to discourse in everyday life. 
We wish to emphasize that all of our patients signed up to intensive 
SLT with great expectations, hoping for better outcomes relative to the 
standard treatment available in Germany, which rarely amounts to more 
than 3 hours of training per week. Consequently, progress in language per-
formance observed during the early training phase might be interpreted as 







Naming Therapy in this early training phase reached statistical signifi-
cance (manifest as an interaction of Time and Group on aphasia test scores; 
ANOVA contrast: p = 0.046). The superiority of ILAT over Naming Ther-
apy was most apparent on speech production measures (ANOVA contrast: 
p = 0.03). Although we acknowledge the increased risk of false-positive re-
sults arising from multiple comparisons in our dataset, these findings rule 
out the possibility that a non-specific effect explains all changes in the ini-
tial training period. 
A number of clinical trials indicate that improved scores on standard-
ized aphasia tests remain stable in the weeks and months following 
ILAT (Meinzer et al., 2005; Berthier et al., 2009) and intensive regimes in-
cluding utterance-centered object naming (Rose et al., 2013; Berthier et al., 
2014). Hence, progress in language performance observed during the sec-
ond training period is unlikely to result from the preceding treatment, re-
gardless of whether individuals had previously received ILAT or Naming 
Therapy. Statistical evaluations lend support to this claim, suggesting un-
contaminated data in the second training period (cf. Jones & Kenward, 
2002). However, we appreciate that statistical evaluations cannot guarantee 
the absence of carryover effects in crossover designs. We therefore recom-
mend interpreting data from the final phase of the treatment with caution, 
whereas the superiority of ILAT over Naming Therapy in the early training 
period should be robust to such criticism. 
The randomization procedure applied proved to be successful, as sta-
tistical analyses did not reveal between-group differences before therapy on 
any of our variables assessed (see section Methods). Nonetheless, Group I 
tended towards higher education levels and elevated aphasia test scores at 
baseline that, arguably, may bear the danger of ceiling effects. In contrast, 
Group II tended to have older age and longer time after onset of disease, pos-
sibly putting these individuals in a slight disadvantage. We wish to highlight 
that such numerical differences were mostly due to outlier values in indi-
viduals who otherwise showed treatment-related changes in language per-
formance consistent with the remaining patient sample. Crucially, the 







on the AAT Token Test (averages: 47.3 versus 47.4; see Table 2), an outcome 
measure known to reflect the severity level of aphasia (cf. Huber et al., 1984). 
Overall, these results do not provide evidence of systematic between-group 
differences that may limit the interpretation of our data. 
The current patient sample included 16 individuals with chronic apha-
sia following a left-hemispheric cerebrovascular accident. Our data replicate 
the finding that ILAT is a relatively effective treatment of chronic post-
stroke aphasia, as demonstrated by earlier RCT evidence (Pulvermüller et 
al., 2001; Meinzer et al., 2005; Szaflarski et al., 2015) and further well de-
signed studies (Maher et al., 2006; Barthel et al., 2008; Kurland et al., 2012; 
Rose et al., 2013). In addition to participants with vascular aetiologies, our 
patient sample included two individuals with chronic aphasia following 
traumatic brain injury and viral encephalopathy. We wish to point out that 
statistical analyses without these two individuals fully confirmed any group 
result. Moreover, the two individuals showed numerical increases in aphasia 
test scores consistent with individuals suffering from chronic post-stroke 
aphasia. Future trials will be needed to clarify whether or not benefits from 
ILAT can be extended to individuals with chronic aphasia of non-vascular 
origin. 
The most important question opened by the present crossover RCT 
addresses the underlying reasons for the superiority of ILAT over Naming 
Therapy, yet without challenging the efficacy of traditional utterance-
centered approaches as such (cf. Howard et al., 1985). Many factors are 
unlikely to account for our differential outcome, as the design controlled for 
the influence of training intensity and duration, treatment order, the clinical 
setting in patient groups, as well as the number of utterances. Guided by 
neuroscience research, we submit that the rich turn-taking structure of 
ILAT was essential for its overall success. Three more specific sub-aspects of 
this turn-taking structure deserve closer attention, as each of them offers a 
separate view on the potential neural mechanisms of speech and language 







(I) With a request performed during ILAT, players are able to predict 
a set of possible partner moves. For example, players may anticipate 
whether or not the conversation partner accepts a request and hands over 
the corresponding picture card. Neuroscience evidence suggests that the 
prediction of such linguistic and non-linguistic action sequences involves 
the cortical motor system (Carota et al., 2010). Further evidence indicates 
that engagement of the cortical motor system can be causal for language 
processing in left perisylvian eloquent areas (Schomers et al., 2015). Given 
that at least part of the motor system was intact in all of our patients, activity 
in these neural circuits may have supported linguistic representations in left 
perilesional language networks (Pulvermüller & Fadiga, 2010). In contrast 
to ILAT, Naming Therapy did not provide a similarly rich turn-taking struc-
ture. The superiority of ILAT in the current trial may thus result from the 
fact that this type of training was more effective in exploiting neural re-
sources of the cortical motor system (Berthier & Pulvermüller, 2011). 
(II) A similar point touches on other neural mechanisms underpin-
ning higher cognitive functions relevant for communication and social in-
teraction. For example, the prediction of possible partner moves in ILAT 
entails “common ground” between individuals, including assumptions 
about intentions and strategies of a fellow player. Neuroscience evidence 
suggests that the range of skills necessary to attribute mental states to other 
individuals, known as “theory of mind,” depends on bilateral prefrontal and 
temporoparietal areas, part of which were intact in our patients (Sebastian et 
al., 2012). As features related to common ground are less prominent in 
Naming Therapy, one further reason for the general efficacy of ILAT may 
emerge from potential synergies between left perisylvian eloquent areas and 
neural circuits associated with theory of mind processing. Previous studies 
confirm that cortical language (Broca’s area) and motor regions (precentral 
gyrus) are more strongly involved during requesting than during nam-
ing (Egorova et al., 2013, 2014, 2016). Still, future research will be required 
to delineate the precise neuroplastic changes carrying distinct outcomes of 








(III) Consistent with patterns of communicative interaction frequently 
observed in everyday life, the rich turn-taking structure of ILAT encourages 
the use of formulaic expressions (cf. Stahl & Van Lancker Sidtis, 2015). De-
pending on the availability of picture cards, players interact with sets of 
formulaic expressions to indicate whether a request was accepted (“Here 
you are,” “Thank you,” “You’re welcome”), rejected (“I’m sorry,” “No prob-
lem,” “Too bad”) or unclear (“Pardon me?”). Neuroscience evidence sug-
gests that this linguistic category of utterances engages, in particular, right-
hemispheric cortical and bilateral subcortical areas (e.g., Speedie et al., 1993; 
Van Lancker Sidtis & Postman, 2006; Sidtis et al., 2009). As a result, formu-
laic expressions are often preserved in aphasic speech and may be viewed as 
a valuable motivational resource in therapy (Stahl et al., 2011). Analyses of 
audiotaped sessions indeed demonstrate that the proportion of formulaic 
expressions during ILAT exceeds 33% of all recorded verbal utterances. To 
compensate for the higher proportion of formulaic expressions in ILAT, the 
amount of non-formulaic target-related words and sentences was larger in 
Naming Therapy, thus balancing the total number of utterances between the 
two types of training. In summary, an additional strength of ILAT may arise 
from its communicative-pragmatic nature that enables individuals to tap into 
neural resources of formulaic expressions. 
This is the first RCT that provides direct clinical evidence for the im-
pact of communicative language function on recovery from chronic non-
fluent aphasia. Our results highlight the possibility that using language as a 
“tool” for communication and social interaction makes intensive aphasia 
therapy more effective. In contrast, the strategy to focus on utterances per se 
seems to be less effective, at least in the current non-communicative context 
of confrontation naming. This finding casts doubt on a once common view 
in aphasia rehabilitation, according to which utterance-centered approaches 
are necessary to facilitate word and sentence processing before communica-
tive-pragmatic SLT can be successful. In conclusion, it appears that the 
damaged left perisylvian language system of the human brain benefits most 
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Purpose. Decades of research have explored communication in cere-
brovascular disease by focusing on formulaic expressions (e.g., “Thank 
you”—“You’re welcome”). This category of utterances is known for engag-
ing primarily right-hemispheric frontotemporal and bilateral subcortical 
neural networks, explaining why individuals with speech-motor planning 
disorders following left-hemispheric stroke often produce formulaic expres-
sions comparatively well. The present proof-of-concept study aims to con-
firm that using verbal cues derived from formulaic expressions can alleviate 
word-onset difficulties, one major symptom in apraxia of speech. 
Methods. Twenty individuals with chronic post-stroke apraxia of 
speech were asked to produce (i) verbal cues (e.g., /gu…/ or /mu…/) and 
(ii) subsequent German target words (e.g., “Tanz”) with critical onsets (e.g., 
/t/) in a cross-sectional repeated-measures design. Cues differed, most nota-
bly, in aspects of formulaicity (e.g., stereotyped prompt: /gu…/, based on 
formulaic phrase “Guten Morgen”; unstereotyped prompt: /mu…/, based on 
non-formulaic control word “Mutig”). Apart from systematic variation in 
stereotypy and communicative-pragmatic embeddedness, cues were matched 
for consonant-vowel structure, syllable-transition frequency, noun-verb 
classification, meter, and articulatory tempo. 
Results. Statistical analyses revealed significant increases in correctly 
produced word onsets after verbal cues with distinct features of formulaic-
ity (e.g., stereotyped versus unstereotyped prompts: p < 0.001), as reflected 
in large effect sizes (Cohen’s dz ≤ 2.2). 
Conclusions. The current results indicate that using preserved formu-
laic language skills can relieve word-onset difficulties in apraxia of speech. 
This finding is consistent with a dynamic interplay of left perilesional and 
right intact language networks in post-stroke rehabilitation and may inspire 








Individuals with left-hemispheric brain damage often experience a 
profound deficit in speech-motor planning, a syndrome especially apparent 
in the production of word onsets (e.g., incorrect phoneme /k/ in “Coat”; 
cf. Ziegler et al., 2012). Known as apraxia of speech, this syndrome fre-
quently occurs alongside other neurological communication disorders, in-
cluding aphasia. In everyday life, apraxia of speech constrains the ability to 
interact verbally, and therefore, probably adds to the risk of depressive epi-
sodes in individuals with communication disorders (Mitchell et al., 2017). 
Given the repeated failure in the production of critical word on-
sets (e.g., incorrect /k/ in the literal use of “Cool”), it is striking how effort-
lessly some individuals with apraxia of speech perform the same phonemes 
as part of formulaic expressions (e.g., correct /k/ in the conversational use of 
“Cool”). By definition, such expressions differ from newly created, gram-
matical utterances in that they are (i) stereotyped in form and (ii) closely re-
lated to communicative-pragmatic context (cf. Stahl & Van Lancker Sidtis, 
2015). According to neurolinguistic research, formulaic expressions may be 
stored and retrieved in a holistic manner (Bannard & Matthews, 2008; 
Tremblay & Baayen, 2010; Rammell et al., 2018). Although the proportion 
of formulaic expressions to spoken language varies with type of measure 
and discourse, these utterances are widely regarded as crucial to the success 
of social interaction in many communicative aspects of daily life (Van 
Lancker Sidtis & Rallon, 2004). While left perisylvian areas of the brain 
seem to support primarily propositional-grammatical utterances (Heiss et 
al., 1999; Warburton et al., 1999; Rosen et al., 2000), processing of formulaic 
expressions proved to engage, in particular, right-hemispheric frontotempo-
ral and bilateral subcortical neural networks (Hughlings-Jackson, 1879; 
Graves & Landis, 1985; Speedie et al., 1993; Van Lancker Sidtis & Postman, 
2006; Sidtis et al., 2018). This may account for anecdotal evidence implying 
that symptoms in apraxia of speech are more common in propositional-
grammatical utterances and, in contrast, less pronounced in formulaic ex-







speech-motor sequences within formulaic expressions to compensate for 
word-onset difficulties—an issue addressed in the present study. 
To facilitate the production of phonemes, speech-language therapists 
typically provide a variety of cues by prompting word onsets in different 
modalities: audiovisually (i.e., speaking aloud and allowing lip-reading), tac-
tile-kinesthetically (i.e., stimulating the patients’ articulatory organs) or ges-
turally (i.e., giving hand signs; Wertz et al., 1984); further valuable ap-
proaches are available (Ballard et al., 2015). Complementing this repertoire 
of treatment methods, we propose an alternative strategy focusing on for-
mulaic language resources in a two-step procedure. In step one, the thera-
pists identify critical word onsets (e.g., incorrect /k/ in “Coat”) and formu-
laic expressions with intact corresponding phonemes (e.g., correct /k/ in 
“You’re welcome”). In step two, patients combine these phonemes (e.g., /jʊə 
ˈwɛl/-/kəʊt/) to prepare critical word onsets (e.g., /k/) in a repeated fashion 
until no more help is required (e.g., correct /k/ in “Coat”). Anecdotal evi-
dence from pilot patients indicates that the suggested keyword technique 
can have an immediate positive impact on word-onset difficulties in moder-
ate-to-severe apraxia of speech. However, these casual reports need to be 
substantiated by data demonstrating that the technique actually taps into 
language formulaicity. In fact, the postulated benefit from formulaic lan-
guage resources may well result from other linguistic parameters, among 
them consonant-vowel structure, syllable-transition frequency, noun-verb 
classification, meter, and articulatory tempo. 
Controlling for the above linguistic parameters, the current proof-of-
concept study seeks to determine the effect of preserved formulaic language 
skills on word-onset difficulties in apraxia of speech. In a cross-sectional re-
peated-measures design, 20 individuals with chronic moderate-to-severe 
apraxia of speech produced non-formulaic German target words after sys-
tematic presentation of verbal cues. These cues differed in distinct features 
of language formulaicity, as detailed below. Two phoneticians assessed the 
onsets of non-formulaic target words with regard to articulatory quality. 











Recruitment was administered in collaboration with local rehabilita-
tion centers and support groups for individuals with neurological commu-
nication disorders in the years between 2013 and 2018. After routine referral 
to the study team, we contacted the potential participants and invited them 
to a screening session to check their eligibility. Inclusion criteria were: mod-
erate-to-severe post-stroke apraxia of speech (main characteristics: phonetic 
distortions and phonemic errors; dysfluent speech with initiation problems, 
syllable segregation, inter-syllabic pausing, phoneme lengthening or con-
tinuous repairs; and effortful speech with obvious groping or struggling be-
havior), as diagnosed by two independent clinical linguists in analogy to 
previous work (Brendel & Ziegler, 2008); chronic stage of symptoms at least 
6 months after a cerebrovascular accident to minimize effects of spontane-
ous recovery; native speaker of German; intact right hemisphere to ensure 
relatively preserved formulaic language skills; and right-handedness accord-
ing to the Edinburgh Handedness Inventory (Oldfield, 1971). Exclusion cri-
teria were: apraxia of speech due to traumatic brain injury or neurodegen-
erative disease; dysarthria; and severe hearing disorder that may discourage 
individuals from engaging in the testing sessions. 
Twenty individuals agreed to participate in the present study, a patient 
sample determined in an a-priori power analysis (assumed effect size in a 
paired-sample t-test: Cohen’s dz = 0.8; two-tailed significance level of α = 0.05; 
1–β = 0.90; resulting n = 19; estimated drop-out rate: 5%; final n = 20; Faul 
et al., 2009). On average, individuals were aged 59.8 years (standard devia-
tion: 12.9 years) and 32.2 months post-onset of stroke (standard deviation: 







subsequent lesions in parts of the left frontal, parietal, and temporal lobes, as 
well as in adjacent subcortical areas. Aside from apraxia of speech—the pre-
vailing disorder in our patient sample—all individuals were diagnosed with 
mild-to-moderate aphasia, as confirmed by clinical records and the Aachen 
Aphasia Test (Huber et al., 1984). The study was approved by the ethics re-
view board at the Charité Universitätsmedizin Berlin, Germany, with writ-
ten informed consent obtained from each patient (for individual case histo-







Table 1. Patient histories. 
Patient Gender Age  
(in years) 
Months after 





01 Female 40 10 MCA ischemia Severe AoS 
02 Male 72 6 MCA ischemia Severe AoS 
03 Male 71 23 MCA ischemia Moderate AoS 
04 Male 49 6 MCA ischemia Severe AoS 
05 Male 45 23 MCA ischemia Moderate AoS 
06 Male 64 32 MCA ischemia Moderate-to-
severe AoS 
07 Male 76 76 MCA ischemia Severe AoS 
08 Male 62 10 MCA ischemia Moderate AoS 
09 Male 70 30 MCA ischemia Moderate AoS 
10 Male 64 41 MCA ischemia Severe AoS 
11 Male 74 32 MCA ischemia Severe AoS 
12 Male 51 43 MCA ischemia Severe AoS 
13 Female 36 27 MCA ischemia Moderate-to-
severe AoS 
14 Male 60 12 MCA ischemia Severe AoS 
15 Female 41 95 MCA ischemia Moderate-to-
severe AoS 
16 Female 58 12 MCA ischemia Severe AoS 
17 Male 60 36 MCA ischemia Severe AoS 
18 Male 51 81 MCA ischemia Moderate-to-
severe AoS 
19 Male 67 18 MCA ischemia Moderate AoS 
20 Female 84 31 MCA ischemia Severe AoS 
Mean (SD)  59.8 (12.9) 32.2 (24.5)   







3.2 Linguistic materials 
As target words, we chose 10 non-formulaic one-syllable nouns from 
the middle-frequency spectrum (e.g., “Tanz” [/tants/; German for “dance”]). 
The critical onsets of the target words differed in manner and place of ar-
ticulation to cover a large variability of errors in speech-motor plan-
ning (plosives: /d/, /t/, /g/, /k/; fricatives: /v/, /f/, /z/, /ʃ/, /ʁ/; nasal: /n/). To 
ensure comparability of target words, the critical onsets were always fol-
lowed by the vowel /a/. 
To identify suitable formulaic expressions, eight linguists contributed 
and assessed over 100 conversational phrases with regard to (i) stereotypy 
and (ii) embeddedness in communicative-pragmatic context (cf. Stahl & 
Van Lancker Sidtis, 2015). Phrases were considered as formulaic only if 
they met these two criteria according to the linguists’ judgement. In addi-
tion, all phrases needed to be part of a formulaic repertoire generally 
known to native speakers (Tabossi et al., 2009). Based on audiotaped ses-
sions of pilot patients, two phoneticians rated the articulatory quality of 
critical syllable onsets within each formulaic expression (e.g., /t/ in “Guten 
Morgen” [/ˈgu…tn̩ ˈmɔʁgn̩/; German for “Good Morning”]; /g/ in “Ent-
schuldigung” [/ɛntˈʃʊldɪgʊŋ/; German for “I’m sorry”]; /z/ in “Wiederse-
hen” [/ˈvi…dɐˌze…ən/; German for “Good bye”]; most phrases were “symmet-
rical” in the sense that they can be both salutation and reply). This procedure 
resulted in 16 formulaic expressions with widely preserved critical syllable 
onsets (e.g., intact /t/ in “Guten Morgen”), thus making it possible to use the 
previous segments as prompts (e.g., /gu…/) to facilitate the production of spe-
cific phonemes (e.g., /t/). 
Finally, we selected 16 non-formulaic control words (e.g., /mu…/ from 
“Mutig” [/ˈmu…tɪç/; German for “brave”]) matched for linguistic parameters of 
the prompts originating from formulaic expressions (e.g., /gu…/ from “Guten 
Morgen”). As suggested by the literature, relevant linguistic parameters 
were: number of syllables preceding a critical phoneme (Canter et al., 1985), 
syllable-transition frequency (Aichert & Ziegler, 2004), consonant-vowel 







lis, 1991), and meter (Aichert et al., 2016). To prevent articulatory priming 
through consonant repetitions, none of the 32 prompts included the critical 
phoneme (e.g., not allowed: /gu…/ preceding /g/). Moreover, none of the 
prompts prepared the critical phoneme through co-articulation (e.g., not al-
lowed: /daŋ/ from “Danke” [/ˈdaŋkə/; German for “Thank you”] preceding 
/k/; for statistics of the linguistic materials, see Table 2). 
Table 2. Linguistic materials. 
 Number of syllables 
preceding the critical 
phoneme 




1.6 (0.6) 3167 (7807) 153 (174) 
Unstereotyped 
prompts (SD) 
1.6 (0.6) 6310 (16907) 173 (200) 
Means of linguistic parameters for stereotyped (e.g., /guː/) and unstereotyped prompts (e.g., 
/muː/) serving as verbal cues to facilitate the production of critical word onsets (e.g., /t/ in 
“Tanz”). Frequency characteristics are extracted from the CELEX database, with values referring 
to the total number of occurrence in German (Baayen et al., 1993). Syllable frequency reflects 
prompts (e.g., /guː/ or /muː/) without considering subsequent critical phonemes (e.g., /t/). 
Syllable-transition frequency represents prompts and subsequent critical phonemes (e.g., /guː/-/t/ 
or /muː/-/t/). To adequately control for prompts including the critical phoneme, matching was 
based on both syllable frequency and syllable-transition frequency. For each parameter, Mann-
Whitney U tests confirmed the absence of significant differences between stereotyped and 
unstereotyped prompts (always z ≤ 0.34, not significant). Moreover, stereotyped and 
unstereotyped prompts were congruent in terms of consonant-vowel structure, noun-verb 
classification, and meter (for details, see section “Linguistic materials”). 
SD: Standard deviation 
3.3 Experimental conditions 
Each individual was asked to produce prompts (e.g., /gu…/) and target 
words (e.g., /tants/) with critical onsets (e.g., /t/) in six experimental condi-
tions. These conditions were: 
1. no prompt preceding the target word to estimate the actual severity 







2. schwa-syllable prompt preceding the target word to explore the role 
of non-verbal phonation (e.g., /ə…/-/tants/); 
3. stereotyped prompt to determine the clinical potential of formulaic 
language resources (e.g., /gu…/-/tants/, derived from the phrase “Guten 
Morgen” that, in its entirety, was not explicitly mentioned to the patient); 
4. unstereotyped prompt serving as non-formulaic control utterance 
for the previous task (e.g., /mu…/-/tants/, derived from the adjective “Mu-
tig”); 
5. communicative-pragmatic prompt to investigate the benefit from re-
vealing the origin of the stereotyped prompt in a conversational context (e.g., 
the experimenter repeatedly used the phrase “Guten Morgen” to address the 
patient who, without repeating the formulaic expression as a whole, produced 
/gu…/-/tants/ subsequently); and 
6. active-motor prompt to measure the influence of articulatory prim-
ing (e.g., the patient repeatedly used the complete phrase “Guten Morgen” 
and then produced /gu…/-/tants/; for an overview of the experimental condi-
tions, see Table 3). 
As baselines, each individual produced the full repertoire of 16 formu-
laic phrases and 16 non-formulaic control words to compare the articula-








Table 3. Experimental conditions. 

















Prompt — /ə /ː /guː/ /mu /ː /guː/ /guː/ 
Critical word 
onset 
/t/ /t/ /t/ /t/ /t/ /t/ 
Prompt and 
target word 


















it as prompt 
No No No No No Yes 
Overview of the experimental conditions. Testing materials included 10 non-formulaic one-
syllable target words (nouns from the middle-frequency spectrum; e.g., “Tanz”), 16 formulaic 
expressions (e.g., “Guten Morgen”), and 16 non-formulaic control words (e.g., “Mutig”). 
3.4 Procedures 
Testing was administered in different sessions, one for each experi-
mental condition and one for each baseline. Sessions were separated by one 
week to minimize carryover effects. To avoid systematic practice or fatigue 
effects due to stimulus order, the sequence of experimental conditions and 
baselines was randomly alternated across participants. In each session, indi-
viduals were seated in front of two loudspeakers at a distance of 75 cm and 
listened to a playback. The playback included a metronome (68 beats per 
minute) to control for articulatory tempo that may affect verbal output in 
neurological communication disorders (Hustad et al., 2003). Throughout all 
conditions and baselines, the experimenter presented verbal utterances by 







once and then repeated it five times at the pace of the metronome, with a 
sound signaling when to speak. To increase the reliability of the testing, five 
repetitions per utterance were preferred to single trials. Individuals did not 
directly face the experimenter to rule out the possibility of lip-reading. 
Utterances were audiotaped using a head microphone (C520Vocal Con-
denser Microphone, AKG Acoustics, Vienna, Austria). Testing duration 
ranged from 10 to 30 minutes per patient and session. Overall, we recorded 
580 utterances per patient, resulting in 11600 utterances across participants. 
3.5 Data analysis 
Two independent phoneticians evaluated critical onsets within the re-
corded utterances (e.g., first /t/ in /gu…/-/tants/). The scoring system was as 
follows: a maximum of two points for each correct critical onset; one point 
for each incorrect critical onset that was, however, correct with respect to 
manner and place of articulation (e.g., phoneme realization /d/ instead of 
/t/); no points for any further utterances or omissions (different phoneme 
realization: 31.9%; unintelligible phoneme realization: 22.6%; no phonation: 
45.5%). This two-level scoring system resulted in high inter-rater reliability 
in the current study (r = 0.98) and proved to be robust in previous 
work (Stahl et al., 2011). We calculated percentages of correctly produced 
critical onsets for each experimental condition and baseline per patient. Per-
centages reflect averages of all scores obtained by the two phoneticians. 
These mean percentages were used in a random-intercept mixed-model 
analysis with two fixed factors: Experimental Condition (no prompt; schwa-
syllable prompt; stereotyped prompt; unstereotyped prompt; communica-
tive-pragmatic prompt; and active-motor prompt) and Stimulus Order (to 
account for potential practice or fatigue effects). For direct comparisons be-
tween the experimental conditions, we performed paired-sample t-tests. All 
evaluations were conducted with two-tailed alpha levels of 0.05; for multiple 








The random-intercept mixed-model analysis revealed a significant ef-
fect of Experimental Condition [F(5, 90) = 5.28, p < 0.001] and no signifi-
cant effect of Stimulus Order [F(5, 90) = 1.99, p = 0.1]. To differentiate these 
findings, primary evaluations focused on the proportion of correctly pro-
duced critical onsets depending on the formulaicity of the preceding verbal 
cues. As specified above, linguistic criteria of formulaicity were: stereo-
typy [condition 3 versus condition 4] and embeddedness in communicative-
pragmatic context [condition 3 versus condition 5; cf. Stahl & Van Lancker 
Sidtis, 2015]. Paired-sample t-tests point to significant increases in correct 
word onsets after stereotyped prompts [condition 3 versus condition 4; 
t(19) = 9.63, p < 0.001, Cohen’s dz = 2.2] and after communicative-pragmatic 
prompts [condition 3 versus condition 5; t(19) = 2.82, p = 0.01, Cohen’s dz = 
0.6; for means and confidence intervals, see Fig. 1 and Table 4]. 
Secondary exploratory evaluations addressed the role of articulatory 
priming [condition 5 versus condition 6], suggesting significantly im-
proved word onsets after active-motor prompts [t(19) = 3.57, p = 0.002, 
Cohen’s dz = 0.8]. Taking a closer look at the function of non-verbal phona-
tion [condition 1 versus condition 2], the analyses yielded a signifi-
cantly lower rate of correctly produced word onsets after schwa-syllable 
prompts [t(19) = 2.15, p = 0.04, Cohen’s dz = 0.5; for means and confidence 
intervals, see Fig. 1 and Table 4]. 
As expected, articulatory quality of critical syllable onsets was signifi-
cantly higher for formulaic expressions than for non-formulaic control 
words, thus confirming the adequacy of the source material (e.g., “Guten 
Morgen” or “Mutig”) for developing the experimental prompts [e.g., /gu…/ or 
/mu…/; baseline comparison: t(19) = 10.71, p < 0.001, Cohen’s dz = 2.4; for 







Figure 1. Results. Means of correct word onsets (e.g., /t/ in “Tanz”) depending on 
previous verbal cues (from left to right): no prompts (e.g., /tants/), schwa-syllable 
prompts (e.g., /ə…/-/tants/), stereotyped prompts (e.g., /gu…/-/tants/, derived from the 
formulaic phrase “Guten Morgen”), unstereotyped prompts (e.g., /mu…/-/tants/, 
derived from the non-formulaic control word “Mutig”), communicative-pragmatic 
prompts (e.g., /gu…/-/tants/, produced immediately after the experimenter uses the 
underlying phrase “Guten Morgen” in a conversational context), and motor-active 
prompts (e.g., /gu…/-/tants/, produced immediately after the patient repeatedly uses the 
underlying phrase “Guten Morgen” as articulatory priming). Verbal cues originate 
either from formulaic expressions (shown in red) or from non-formulaic control 
words (shown in blue; for an overview of all experimental conditions, see Table 3). 
Statistical analyses revealed significant gains in correct word onsets after verbal cues 
with distinct features of formulaicity (stereotyped and communicative-pragmatic 
prompts), as well as after articulatory priming (motor-active prompts; * p < 0.05; 









































Table 4. Results. 
A. Experimental conditions 





















38.5 (10.8) 31.5 (8.3) 62.9 (7.0) 43.9 (6.5) 68.8 (7.7) 76.2 (7.3) 








77.8 (8.4) 57.6 (8.3) 
Means of correctly produced critical onsets for each experimental condition (A) and baseline 
performance (B; for details, see section “Experimental conditions” and Table 3). 
CI: Confidence interval 
5 Discussion 
The present proof-of-concept study aimed to investigate whether or 
not using preserved formulaic language skills can relieve word-onset diffi-
culties in apraxia of speech. In a cross-sectional repeated-measures design, 
20 individuals with chronic moderate-to-severe apraxia of speech were 
asked to produce German target words (e.g., “Tanz”) with critical on-
sets (e.g., /t/). Prior to each target word, the individuals produced verbal 
cues that differed in standard features of formulaicity: (i) stereotypy [condi-
tion 3 versus condition 4] and (ii) embeddedness in communicative-pragmatic 
context [condition 3 versus condition 5; cf. Stahl & Van Lancker Sidtis, 
2015]. Moreover, cues varied in articulatory priming [condition 5 versus 
condition 6] and in non-verbal phonation [condition 1 versus condition 2]. 
Aside from these experimental alterations, cues were matched for conso-







tion, meter, and articulatory tempo (for means of linguistic parameters, see 
Table 2; for an overview of all experimental conditions, see Table 3). Statis-
tical analyses revealed significant gains in correctly produced word onsets 
after verbal cues with high stereotypy [p < 0.001, Cohen’s dz = 2.2] and em-
beddedness in communicative-pragmatic context [p = 0.01, Cohen’s dz = 
0.6]. Over and above language formulaicity, these gains were even more 
pronounced after articulatory priming [p = 0.002, Cohen’s dz = 0.8], whereas 
cues of non-verbal phonation affected the quality of critical word onsets in a 
negative way [p = 0.04, Cohen’s dz = 0.5]. In summary, these results indicate 
that preserved formulaic language skills and articulatory priming can have 
an immediate positive impact on word-onset difficulties in apraxia of speech. 
Our data point to an articulatory benefit from stereotyped prompts de-
rived from formulaic expressions—that is, knowledge about the origin of 
verbal cues was implicit (e.g., the experimenter did not mention the under-
lying phrase “Guten Morgen” to the patient who produced /gu…/-/tants/; see 
Table 3). Notably, the effect size resulting from stereotyped prompts was 
large (Cohen’s dz = 2.2). It could be argued that this strong effect emerges 
from linguistic variables other than language formulaicity, such as syllable 
frequency (i.e., total occurrence of prompts in German; e.g., /gu…/) or sylla-
ble-transition frequency (i.e., total occurrence of prompts and subsequent 
critical phonemes in German; e.g., /gu…/-/t/). However, our design carefully 
controlled for syllable frequency, syllable-transition frequency, and similar 
parameters (for details, see Table 2). As an explanation for the superiority of 
stereotyped prompts (e.g., /gu…/), we presume that this type of verbal cue 
triggered, in a holistic manner, the retrieval of speech-motor patterns neces-
sary to complete the remaining syllables of formulaic expressions (e.g., /tn̩ 
ˈmɔʁgn̩/). In our experiment, the anticipated speech-motor patterns (e.g., 
/ˈgu…tn̩ ˈmɔʁgn̩/) were only partially executed to facilitate critical word on-
sets (e.g., /t/) of divergent target utterances (e.g., /tants/). Consistent with 
the idea that stereotyped prompts rely on holistic properties of formulaic 
language, we noticed in our testing sessions that some individuals occasion-
ally had problems to stop the production of entire phrases once the articula-







rors rates within stereotyped prompts (e.g., incorrect /g/ in /gu…/) compared 
to unstereotyped prompts (e.g., incorrect /m/ in /mu…/). Indeed, holistic 
processing of formulaic language may have especially reduced the probabil-
ity of errors within stereotyped prompts, which in turn may have dimin-
ished articulatory distraction and improved the quality of the following tar-
get utterances—a hypothesis to be investigated in future research. 
Our results yielded an increase in correct word onsets after communi-
cative-pragmatic prompts—that is, knowledge about the origin of verbal 
cues was explicit (e.g., the experimenter used the phrase “Guten Morgen” to 
address the patient who, subsequently, produced /gu…/-/tants/; see Table 3). 
This increase through communicative-pragmatic prompts corresponds to a 
medium effect size (Cohen’s dz = 0.6). We propose that there may be an 
added value associated with engagement of the language network and, po-
tentially, with relatedness to conversational context when identifying the 
origin of verbal cues. Support for the latter notion comes from data demon-
strating an advantage of aphasia therapy protocols that require embedding 
target utterances in social interaction (e.g., requesting objects) compared to 
non-communicative exercises (e.g., confrontation naming; Stahl et al., 2016). 
Moreover, anecdotal evidence implies that preserved language skills in 
aphasia are most apparent in communicative-pragmatic context (e.g., “My 
poor Jacqueline, I don’t even know your name!”; Alajouanine, 1960). In 
analogy to aphasia research, our results emphasize the promising role of 
communicative-pragmatic context along with language stereotypy in clini-
cal trials on apraxia of speech. 
As another interesting exploratory finding of our study, articulatory 
priming proved to increase the benefit from verbal cueing (large positive ef-
fect: Cohen’s dz = 0.8), while non-verbal phonation per se led to the lowest 
rate of correct syllable onsets across all experimental conditions (moderate 
negative effect: Cohen’s dz = 0.5; see Fig. 1 and Table 4). Hence, repeated 
production of formulaic expressions (e.g., “Guten Morgen”) prior to their 
use as motor-active prompts (e.g., /gu…/-/tants/) may be a helpful add-on 
strategy to boost the articulatory outcome of cueing techniques. In contrast, 







claim that the success of cueing techniques arises from higher-level language 
processing rather than simple voicing (e.g., phoneme realization /ə…/). Ac-
cordingly, modern linguistic theories tend to interpret symptoms in apraxia 
of speech as deficits in higher-level language processing (Ziegler et al., 2012). 
The current results indicate that language formulaicity may be a valu-
able resource in clinical practice. However, the cross-sectional design does 
not allow conclusions with regard to symptom recovery over time. A longi-
tudinal section will be needed to substantiate the possible long-term effect 
of using preserved formulaic language skills in individuals with apraxia of 
speech. This is particularly true when comparing the proposed keyword 
technique based on language formulaicity with established methods in 
speech-language therapy, among them audiovisual, tactile-kinesthetic or 
gestural cues (Wertz et al., 1984) alongside more recent approaches (Ballard 
et al., 2015). To our knowledge, there is no evidence from randomized con-
trolled trials on the outcome of treatment programs focusing on word-onset 
production. Subsequent research will be required to determine the most ap-
propriate attempt to permanently alleviate word-onset difficulties. 
Although limited by the cross-sectional design, our results still suggest 
that using preserved formulaic language skills may enable individuals to 
overcome word-onset difficulties in apraxia of speech. More specifically, in-
dividuals may be capable of retrieving intact speech-motor sequences within 
formulaic expressions in order to restore incorrect initial segments of non-
formulaic target utterances. As mentioned previously, formulaic language is 
known for relying on right-hemispheric frontotemporal and bilateral sub-
cortical neural networks (Hughlings-Jackson, 1879; Graves & Landis, 1985; 
Speedie et al., 1993; Van Lancker Sidtis & Postman, 2006; Sidtis et al., 2018). 
If indeed preserved formulaic language skills are suitable to reduce failures 
in speech-motor planning, neuroscience data will have to clarify how such 
benefits relate to the interplay of left perilesional and right intact language 
networks in post-stroke rehabilitation. In this context, the present behav-
ioral results may establish a biological basis for future research on treat-







results will hopefully inspire clinical trials on preserved formulaic language 
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